N- FORMYL HYDROXYLAM NE COVPOUNDS This invention is
directed to novel N-fornyl hydroxylam ne conpounds, to
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applications, including treating disorders anmenable to
treatment by peptidyl defornylase inhibitors such as

treatnment of bacterial infections, and to
phar maceuti cal conpositions conprising these
compounds. Treatnent of microbial infection in host

organi snms requires an effective means to kill the
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autoimmune diseases. Because of the importance of MMPs in normal physiological
processes, it would be preferable to develop agents that inhibit PDF while avoiding
significant inhibition of MMPs. Alternatively, PDF inhibitors which also inhibit MMPs may be
of use where the therapeutic benefits of inhibiting PDF outweigh the risk of side effects from
MMP inhibition.

Research on inhibitors of PDF is much less extensive than that for inhibitors of MMPs. N-
formyl hydroxylamine derivatives-are described in International Patent Application WQ
99/39704 and WO 02/1027380. In view of the importance of identifying new antibiotics to
treat bacteria resistant to existing antibiotics, it is desirable to develop novel inhibitors of PDF
for evaluation and use as antibacterial and antimicrobial agents. The present invention fulfills
this need.

In particular, the present invention provides an N-formyl hydroxylamine derivatives referred
to herein collectively as “compounds of the invention”), a salt thereof or a prodrug thereof,

e.g. a compound of formuia (1):
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02/102790. In view of the inportance of identifying
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one aspect, R4 is a heteroaryl of formula (I1) wherein

each_ of R7 n i t ' r,.ogen,
M T e G R A
Rsdd hogrogen.dalggernhedlicixy and
R, Is aryl, or heteroaryl; or

nis0to3

a salt thereof or a prodrug thereof.

In one aspect, R, is a heteroaryl of formula (lt)

RN, N+ - 0 R"7 AN RB R
[ or ‘ . or
= =N .
R Ry Re o R
R, R,

wherein each of Rg, R;, Ry and Ry independently is hydrogen, alkyl, substituted alkyl, phenyl,

(n

hatogen, hydroxy or alkoxy,

e.g. wherein

a.) Re and Rg are hydrogen, Rq is hydrogen or alkyl and R; is alkyl, substituted alkyl or
phenyt;

b.) Rs, Ry and Ry are hydrogen and Ry is halogen, alkyl or substituted alkyl

¢.) Ry, Rg and Ry are hydrogen and Rg is hydroxyl.

in a particularly useful aspect, the heteroaryl is of the formula (11.1)



a.) R6 and R8 are hydrogen, R9 is hydrogen or alkyl
and R7 is alkyl, substituted al kyl or phenyl; b.) R
w@200aneb6R8 ar e hydrogen and Ra is hal ogen, al kRCT/082007/063167
substituted alkyl c.) R7, Rg and R9 are hydrogen and
R6 is hydroxyl. In a particularly useful aspect, the
heteroaryl is of the fornmula (11.1)wherein R6, R7 and
RO are as defined above for formula (I11) and R8 is
hal ogen, e.g. fluoro In yet another aspect, Ris of
formula (11.2) wherein R6, R and R8 are as defined
above for R,ornmula (Il1) above In still another aspect,
R4 is pf frnBla (11.3 ) wherein Re, R7 and R8 are as
defi ned gbove for formula (I1) In still another
aspect, i,glof formula (11.4 ) wherein R6, R7 and R8
are as defYf nedsabove for fornula (11) In still another
aspect, RDis of”ﬁqrnula (I'l.5)wherein R6, R7 and R8
are as defined above for formula (I1) In another

i B R A e o pes a8 o Tl el e o tuoro.

formula (11). Unless otherwi se stated, the follow ng
t er eyehanatieeasnent. Rije okfpeila (ll@at i on have the fol | ow ng
meani ng. The term "cycl oal kane" or cycl oal kyl "

contains fromg3- {0 AR,ring carbon atons, and is,
preferably cyc Prb yl, cyclobutyl, cyclopentyl, and
cycl ohexyl . =

N°Re 12

wherein Rg, R; and Rg are as defined above for formula (II) above

In still another aspect, R4 is of formula (11.3 )

N' R g3

wherein Rg, Ry and Ry are as defined above for formula (I1)

In still another aspect, Ry is of formula (11.4 )

N7 (I1.4)

wherein Rg, R; and R; are as defined above for formula (If)

In still another aspect, R4 is of formula (11.5)



The term "aliphatic group"” refers to saturated or
unsaturated aliphatic groups, such as al kyl, al kenyl
wo@e@kyawyd , cycl oal kyl or substituted al kyl i nedTitib2097/063167
strai ght-chain, branched-chain and cyclic groups
having from 1-10 carbons atons. The term "al kyl" or
"al k", whenever it occurs, is a saturated straight
chain or branched aliphatic group of 1-10 carbon atons
or a cycloal kyl of 3-10 carbon atons, nore preferably,
al kyl groups are C C al kyl, particularly, C alkyl.
Exanpl es of "al ky®" or "al k" include, but are not
limted to, neth .yl , n-propyl, isopropyl,
n- butyl, isobut ec- butyl (-butyl, n-pentyl,
neopentyl n- h I -Nor -heptyl cycl opropyl and,
espeC|aIIy p- butyl The term "substituted al kyl "
refers to an al ky® grouggyhat is substituted with one
or nore substitutents pre?erably 1 to 3 substitutents

n ut n ted t ituents such as
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to, -CF3, -CF2-CF3, hydroxynethyl, 1-

2- hydroxyet hyl , net hoxynet hyl, 1- or 2- ethoxV@thyI
rCar oxynmnet hyl , Rl- carbo /et Rand g he Li The
t rﬁﬂ*aryl& or fef erg,to a onatlc c§rb cycllc

of 6 to 14¢ monatmm

limted te ouﬁs such ﬁ% pﬁenyl)
or Rl tiple conderfsed rings (|nclud|ng, but not

limted t h thryl d
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refers to a 4- to 7-nmenbered, nonocyclic aromatic
Unless otherwise stated, the following terms as used in the specification have the following

meaning.

The term “cycloatkane” or cycloalky!” contains from 3- to 7-ring carbon atoms, and is,

preferably cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

The term "aliphatic group” refers to saturated or unsaturated aliphatic groups, such as alky!,
alkeny! or alkynyl, cycloalky! or substituted alkyl including straight-chain, branched-chain and
cyclic groups having from 1-10 carbons atoms. The term "alkyl" or "alk”, whenever it occurs,
isa satura{ed straight chain or branched aliphatic group of 1-10 carbon atoms or a cycloalkyt
of 3-10 carbon atoms, more preferably, alkyl groups are C,.Cralkyl, particularly, C,.Cqalkyl.
Examples of "alkyl” or "alk" include, but are not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, neopentyl, n-hexyl or n-heptyl, cyclopropyl and,
especially, n-butyl.

The term “substituted alkyt” refers to an altkyl group that is substituted with one or more
substitutents preferably 1 to 3 substitutents including, but not limited to substituents such as

halogen, lower alkoxy, hydroxy, mercapto, carboxy, cycloalkyl, aryl, heteroaryl, and the like.
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het erocycle or a bicycle that is conposed of a 4- to
7- menber ed, nonocyclic aromatic heterocycle and a
wo eedewmn benzene ring. The heteroaryl has at PEHES200T1663167
hetero atom preferably at |east two heteroatons
including, but not Iimted to, heteroatons such as N,
Oand S, within the ring. A preferred heteroaryl
noiety is a 6 nenbered, nonocyclic heterocycle having
2, 3 or 4 nitrogen heteroatons in the ring. Exanples
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d I k ' i
ro i s S SR s B RRE o, A ST bt ot
commﬁgﬂermgs dm@lumm. bt notTimdted o aroubreswhrsl nephthyl e faetheylt and is

esplaly epgt. or unsaturated Cl al kyl as defined above,
and especially heteroal kyl which contain one or nore
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The aryl or heteroaryl may be unsubstituted or substituted by one or more substituents
including, but not limited to Cs.; alkyl, particularly C4.4 alkyl such as methyl, hydroxy, alkoxy,
acyl, acyloxy, SCN, cyano, nitro, thioalkoxy, phenyl, heteroalkylaryl, alkylsulfonyl, halogen,
and formyl.

The term “heteroalkyl” refers to saturated or unsaturated Ci4 alkyl as defined above, and
especially Cy.4 heteroalkyl which contain one or more heteroatoms, as part of the main,
branched, or cyclic chains in the group. Heteroatoms may independently be selected from
the group consisting of -NR- where R is hydrogen or alkyl, -S-, -O-, and -P-; preferably -NR-
where R is hydrogen or alkyl, and/or -O-. Heteroalkyl groups may be attached to the
remainder of the molecule either at a heteroatom (if a valence is available) or at a carbon
atom. Examples of heteroalkyl groups include, but are not limited to, groups such as -O-CHs,
-CH,-0O-CHg, ~CH2-CH2-0-CHj, -8-CH;-CH,-CHj, -CHR-CH(CH3)-S-CHj3, and -CH,-CH,-NH-
CH,-CH,-.

The heteroalkyl group may be unsubstituted or substituted with one or more substifuents,
preferably one to three substituents, including but not limited to, alkyl, halogen, alkoxy,
hydroxyl, mercapto, carboxy, and especially phenyl. The heteroatom(s) as well as the
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-CH2- O CH3, -CH2-CH2-O CH3, -S-CH2-CH2- CH3,

-CH2- CH(CH3) - S-CH3, and - CH2- CH2- NHCH2- CH2- . The
whedoeno@mikyl group may be unsubstituted or SubBRCT/US208T063167
with one or nore substituents, preferably one to three

substituents, including but not [imted to, alkyl,
hal ogen, al koxy, hydroxyl, nercapto, carboxy, and
especi al ly phenyl. The heteroaton(s) as well as

t hecarbon atons of the group may be substituted. The
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preferably Cl.4 al koxy. Exanples of al koxy groups
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(1991). Preferred amino protecting groups include, but are not limited to, benzyloxycarbony!
(CBz), t-butyl-oxycarbonyl (Boc), t-butyldimethylsilyi (TBDMS), 9-fluorenylmethyl-oxy-
carbanyl (Fmoc), or suitable photolabile protecting groups such as 6-nitroveratryloxy
carbony! (Nvoc), nitropiperonyl, pyrenylmethoxycarbonyl, nitrobenzyl, dimethyl dimethoxy-
benzyl, 5-bromo-7-nitroindolinyl, and the like. Preferred hydroxy protecting groups include
Fmoc. TBDMS, photolabile protecting groups (such as nitroveratryl oxymethy!l ether (Nvom)),
Mom (methoxy methyl ether), and Mem (methoxy ethoxy methyl ether). Particufarly preferred
protecting groups include NPEOC (4-nitrophenethyloxycarbonyl) and NPEOM (4-
nitrophenethyloxy-methyloxycarbonyl).

It will be appreciated that the compounds of formula (I) may exist in the form of optical
isomers, racemates or diastereoisomers. For example, a compound of formula (1) wherein
R3 may be in the R- or S- configuration. It is to be understood that the present invention
embraces all enantiomers and their mixtures. Similar considerations apply in relation to

starting materials exhibiting asymetric carbon atoms as mentioned.

The compounds of the invention may exist in the form of solid crystalline salts.

Preferably the crystalline salts are metal salts, preferably of divalent metals, although for
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are not limted to, benzyl oxycarbonyl (CBz),
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(1) acid addition salts, formed with inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids
such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic
acid, pyruvic acid, factic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-
disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzene-
sulfonic acid, 2-napthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 3-
phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynapthoic acid, salicylic acid, stearic acid, muconic
acid, and the like; or

(2) salts formed when an acidic proton present in the parent compound either is replaced by

a metal ion, e.g. an alkali metal ion, an alkaline earth ion, or an aluminum ion; or



sol vate/ hydrate. Typically, the crystalline salt of
the invention contains about 2 to 8 waters of
whywraedcon, nore typically about 2 to 6 water SPOF/US2007/063167
hydrati on, and even nore typically about 2 to 4 waters
of hydration. Thus, the crystalline salt of the
invention typically conprises greater than 2% water,
nore typically about 4 to about 12% water and even
nore typically about 8 to about 9% water. Sol vates nay
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ni acid, malic acid, maleic acid, fumaric
di%wwh“? ?QFWE ‘acid, citric acid, benzoic aC|d

3-(4- hydroxybenzoyl)ben20|c acid, cinnam c aci d
In fagnerariogndscd dormiiet (Hathe dellowigasianiieanges erpasierd ipdirigyally or in
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2HVALONEN Z%n%ggédr{npg;qfgu.%cmerein%{g?ﬁ,nsr?&h; 01 aRGEand R, is
fluoro, Rg, R; and R are hydrogen and Ry is methyl or trifluoromethyl; or Rg, Ry and Ry
are hydrogen and Ry is fluoro; or Rs, Rg and Ry are hydrogen and R; is ethyl or methoxy;
or Ry, Ry and Rg are hydrogen and Rg is hydroxy; or R; and Ry are hydrogen, Rg is
methoxy and Rg is methyl; or R4 is a heteroaryl of formula (11.2) wherein R6, R7 and R8
are hydrogen, or R4 is a heteroaryl of formula (Il.3) wherein R6, R7 and R8 are
hydrogen, or R4 is a heteroaryl of formula (I1.4) wherein R6, R7 and R8 are hydrogen or
R4 is a heteroaryl of formula (11.5) wherein R6, R7 and R8 are hydrogen.

2. R1is alkyl, preferably n-butyl or cycloalkyl, preferably Cs.; cycloalkyl such as cyclohexyl,
cyclopropyl, or cyclopentyl

4. R3is halogen, preferably fluoro;

Utility

The compounds of the present invention can be used for the treatment or prevention
of infectious disorders caused by a variety of bacterial or prokaryotic organisms. Examples
include, but are not limited to, Gram positive and Gram negative aerobic and anaerobic
bacteria, including Staphylococci, e.g., S. aureus and S. epidermidis; Enterococci, e.g., E.

faecalis and E. faecium; Streptococci, e.g., S. pneumoniae; Haemophilus, e.g., H. influenza;
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acid, 2-napthal enesul fonic acid, 4-toluenesulfonic
aci d, canphorsulfonic acid, 3- phenyl propionic acid,
W@ pioreodeyd acetic acid, tertiary butylacetic acPdrl/us2007/063167
| auryl sulfuric acid, gluconic acid, glutam c acid,
hydr oxynapt hoic acid, salicylic acid, stearic acid,
muconi ¢ acid, and the like; or (2) salts forned when
an acidic proton present in the parent conpound either
is replaced by a netal ion, e.g. an alkali netal ion,
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| ona resen
SPEFtUM 4f 3 W&hgfa“%&? ’?‘P{g‘fedt W'%‘E’B&F?’P&‘a’f ‘h"& ar“rg’f"' ‘%’é‘m p°s'?"e

bacledasetl ab W. inflnewz4 andr prevgenia h Bonsxarepie wbenpo Qmiexample the

avglra QE&staréti’OQ InHQﬁ(A‘éﬂ@?’Hé&Qﬁhm 3 &Bfldwét@ps(fér)thémfoeé@mﬁbltlon

r oxy am no %%A g
ofJ Bl 209 i iopahv P AT 0F o1 b P BhDs oy aviton
offg. e&edmyﬁraoxwénotmmpla) thesidl! fshByaintidn stppe € the improved inhibition
of %g@%?ﬁ#u?ghé/ adolr:t% lsﬁc?w Jn QEIQQ{ E'gl‘ﬁittbﬁ]?hb’sd@v th@Were@

~ not ‘ to esters ( acetate, fornmate,

inlaifpp @A tienBlenEarat i ves) , carbanates (e.g. N
N- di net hyl am no-car bonyl ) of hydroxy functional groups
i n Cherpmuyrdsdsodf tHeonvweniic afdo)preferbly hdve imprivead safety, toxicity and

pharmacokinetic properties, e.g. a decrease or elimination of potential adverse events in
human relative to prior art compounds.

In one aspect, compositions, for treating or preventing infectious disorders are
provided, comprising a compound of the invention, a pharmaceutically acceptable salt
thereof or a prodrug thereof, as disclosed herein in combination with a pharmaceutically
acceptable carrier. In another embodiment, such compositions further include another

therapeutic agent.

In another aspect, there is provided a dosage amount of a compound of the
invention, a pharmaceutically acceptable salt thereof or a prodrug thereof, as disclosed
herein in an effective amount for the treatment, prevention or alleviation of a disorder, such
as an infectious disorder. These compounds or derivatives thereof can be screened for
activity against different microbial agents and appropriate dosages can be determined using

methods available in the art.

The compounds of the invention can be used to treat a subject to treat, prevent, or
reduce the severity of an infection. Subjects include animals, plants, blood products,

cultures and surfaces such as those of medical or research equipment, such as glass,
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In the conpounds of fornmula (1), the follow ng
significances are preferred individually or in any
W@ uw7aemn nation: 1. R4 is a heteroaryl of forPai/EaSwb7/063167
(11.1) wherein R6, R7 and RO are hydrogen and Rs is
fluoro, R, R7 and RO are hydrogen and R8 is nethyl or
trifluoronethyl; or R6, R7 and R8 are hydrogen and R9
is fluoro; or R6, R and RO are hydrogen and R7 is
ethyl or nethoxy; or R7, R8 and R9 are hydrogen and R6
neb&lesh ¥&’r§@§l}équ1@rﬁerRZn@fmdln89anabB;eL‘ly ehEePEEdor Bﬁ.pb@ryrﬂebér%yem

mE iR nifal Bort e, PP s a g oh Jagn: oo PRyerecls
dobgtcewn ahedp, mifis, honseribwing,Ipkim3lessueh ad mhefRE deReyan@mR&naee@.
go\a%aqr%%st B'EfeB%!y'hﬁanJ] eﬁr@aﬁﬂﬁ‘ﬁ)ébbj&ft mt:@&éﬁ“‘a@ IS(AOI{ Hn41)ed to,

erein , are en or

prweﬂ'engorgpwgow '@Fﬁmga‘h‘t f'w'csgsvm F‘élCﬁUSRé bv Pé‘rm%?ﬁﬂPnFéé a gphiject

byRyHiERegERIsY; prevBﬂtlrigSrealhdﬁwl or difn@btrigaddl infedtiob ot y$ubEtt by a

mlcvi{?grlgg ale)lz’z Ir bregtilng er ré‘cl%ché %?(%I}?mig%t%l g%let%%{ib?tﬁ)ﬁ%% ggyjelcts by a

mitraprogrsm meewenoartslawrﬁ m@!v@, is preferatiya ArRkaCTIOImMRIsfetsbly a

pabfdBurRr €sent invention can be used for the treatnent or
prevention of infectious disorders caused by a variety

.Of F)nao%teearsl e % tho@g gh?eﬁxﬁdr% ‘3%%5‘ g Wectl@é%@}dgrsm a subject,
i ncl ude are not C? é’ posSI trve 5

SUCH 2918 PSRRI 4T PR BRYITY |seb1%mdhaéﬁ@erﬁ%n9nﬁvqja¢fth&'ﬂ°a of pepﬂdy'
defd?tﬁ{/lbléil E00Y) pr&ué&h ¥y &iRiSteringlo the, su@ect&bl leRétSivapuptidy deformylase
lnhngtlng amount o? h corrn];t)oeurng Cptﬁe anen%OIg a pharmaceutlcally acceptable salt thereof
or a prodrug thereof. In one embodiment, the compound or its derivative is administered in a
pharmaceuitically acceptable form optionally in a pharmaceutically acceptable carrier. The
compound of the invention, pharmaceutically acceptable salt thereof or prodrug thereof, can
be administered alone or in combination with another therapeutic agent. Examples of such
therapeutic agents include, but are not limited to, -lactam, quinolone, macrolide,
glycopeptide and oxazolidinone. As used herein, an "infectious disorder” is any disorder
characterized by the presence of a microbial infection, such as the presence of bacteria.
Such infectious disorders include, for example, central nervous system infections, external
ear infections, infections of the middle ear, such as acute otitis media, infections of the
cranial sinuses, eye infections, infections of the oral cavity, such as infections of the teeth,
gums and mucosa, upper respiratoty tract infections, lower respiratory tract infections,
genitourinary infections, gastrointestinal infections, gynecological infections, septicemia,
bone and joint infections, skin and skin structure infections, bacterial endocarditis, burns,
antibacterial prophylaxis of surgery, antibacterial prophylaxis in immunosuppressed patients,
such as patients receiving cancer chemotherapy, or organ transplant patients and chronic
diseases caused by infectious organisms, e.g., arteriosclerosis. The compounds and
compositions comprising the compounds can be administered by routes such as topically,
locally or systemically. Systemic application includes any method of introducing the
compound into the tissues of the body, e.g., intrathecal, epidural, intramuscular, transdermal,

intravenous, intraperitoneal, subcutaneous, sublingual, nasal, vaginal, rectal, and oral

-10 -



faecalis and E. fabcium Streptococci, e.g., S

pneunoni ae; Haenophilus, e.g., H influenza; Mraxell a,
w@2@7/10d¢r0 cat arrhal i s; and Escherichia, e.g., BET/U81007/063167

O her exanpl es include Mycobacteria, e.g., M

tubercul osis; intercellular mcrobes, e.g., Chlanydia

and Rickettsiae; and Mycoplasma, e.g., M pneunoni ae;

and Pseudononas, e.g., P. aeruginosa; H pylori; and

parasites, e.g., Plasnodiumfalciparum Conpounds of

adr{¥GstREGS em% shetHRRbs 48 opfrﬂimam wf%&%m&@&d as thblaas the
ovenent In ni ol o efficacy against either
d‘@ngPrPfﬁE?? Reny Gappe é‘%ﬁiﬁd g?(?e@e bacteria. Specifically,
t he conpounds of the present invention have
si g driothenaspeehof the @rasent invantiohanethedsaremypddeasiderdetiibiting
%W&Jfé’rmy@ge aﬁbhé/éwodwenh% AElhddBIRPHER dimiHishirhd Qﬁa Qlbject

am ne%at ive and ositive bacteria suc
innagd herf é”éﬁ%‘“‘b"n%’iﬂ‘f% F‘%f"”'ﬁg\se BRAMAT enoErie °fTW°k’ﬁ?e°f formuta
(hex pigarh ceutidaty soceptaigesatiaingedt at a prediup trexeof. Altle)ters “subject” and

" [ of | ved
oficE R iy 8oy Wb SHERP ol s et g B chovs an
ACI of 0.4 dilutjaon steps r the ved inhibition
of & vebib APt O e TaiRDiaRe e i WOV enss & & camboine
of e fdrhiuﬂi’(l @b dpihefl above heeptianpauigdily atkefsatle saft tiofredBor a prodrug
Rp@forPddidd f'#eJu)f d d
R L Al R ko LB i 8ty mediated by
pepHV drferoylaserhe conpounds of the invention also
preferably have |nproved safety toxicity and
B st ; : gytical G e 0. a decrease or
el i mnation of potentlal adverse events in hunman

rel ahk }Jn%sérft) lrﬂédti@ﬁ aRb proGiasgshaRteuticll dMPodIIAE Ghich comprise a
dreatin eve

bu%acgp %,qg{éc.\lngﬁ gycgoxyP amine compour% a pheP h aceu{]callyl;] gcciegtfa g geillptngeof, or

a prodrug thereof and a pharmaceutically acceptable carrier. The compositions of the

invention include those in a form adapted for oral, topical or parenteral use and can be used
for the treatment of bacterial infection in a subject such as animals, preferably, mammals,
more preferably, humans. The pharmaceutical compositions can further include another

therapeutic agent as described below.

The antibiotic compounds, also referred to herein as antimicrobial compounds,
according to the invention can be formulated for administration in any convenient way for
use in human or veterinary medicine, by analogy with other antibiotics. Such methods are
known in the art (see, e.g., Remington's Pharmaceuticai Sciences, Easton, PA: Mack

Publishing Co.) and are not described in detail herein.

The composition can be formulated for administration by any route known in the art,
such as subdermal, inhalation, oral, topical or parenteral. The compositions can be in any
form known in the art, including but not limited to tablets, capsules, wafers, fast melts
(without wafers), powders, granules, lozenges, creams or liquid preparations, such as oral or
sterile parenteral solutions or suspensions. The compounds can also be administered in

liposomal, micellar or microemulsion formulations. The compounds can also be
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provi ded, conprising a conpound of the invention, a
phar maceutically acceptable salt thereof or a prodrug
W@ b@raefe70 as di scl osed herein in conbinati on wWw&hus2007/063167
pharmaceutically acceptable carrier. In another
enbodi nent, such conpositions further incfude another
t herapeutic agent. I n another aspect, there is
provi ded a dosage anmount of a conpound of the
i nvention, a pharmaceutically acceptable salt thereof

ad%#rwgs@er@d' %dﬁrbjtgugt h@ﬁ&@(he p@&ir&!}' SAelifs&dd Bfdefdods biBtraMaformation in

ective ano for the treatment, prevention or
thestrqatad raamod tod f°§“ W§Bﬁd’é}'°9'°§w&?t"§s an infectious

di sorder. These conpounds or derivatives thereof can

be 3be ®pioal tbriolaticans bf the bieserd aiverdion darf espresentertiae rfotingiance,

oun%?ﬁg %re%ﬂg oﬁ‘ﬁf?{ﬂgpgoﬁ\ﬂ&% gﬁ\%@%l&ﬁﬂ REstEELRE Uhﬁ‘?e‘?'lths%lj R0

s aval ei1n the art he compounds of
of BRRASPRS} iBWRreSAReH@ s tfa@sw'@a&pa%rh% Bpraxand Gefoplgand can
coﬁt%ﬂé@ﬁrbprté&f coneshaseal hitRive €V @hiak Pre@érvatives, Bbieartd to@ssist drug

peg%ﬁtgrﬁ:%% e.gh legﬁm ounrlmnats%hclilgegrﬂt s, blood products,

aces suc Yhose of nedical or
research equi pnent, such as qlass needl es, surglcal
equil bqﬁ@maul qEs quntﬂls‘qg;ontaﬁd:maa? @@tcgn\feﬁ{l%ﬁbcggler%ﬁ ch as cream
or bR Bdsgs and élﬁdrfcmﬁ@n:tyl dlgspbldntidtiono rsuchbarriens can igapresamt, for

exgrrgglg fl;ogba ou{] 4 ﬁ?\g?o H&'Q‘éq of%%%’uor? For exdﬂr{)?eethegl rProrm up

or ses,
topbmﬂﬁ@@sfmsﬁtmma@”rhesus nonkeys chlnpanzees,
gorillas, and nost preferably humans. Treating a
s u b fl'elﬁléts aRCtdpeass fobartl adsintratidn aaih be th Ung dogsr esentatiorgform,

ang ey onrea%? co%(/en%ohaﬂ%{l‘,}t(én@gsukn gs %l\&uﬁﬂ Sfhts SHPBLAPR, SAWSEGcia,

ect a Mm croorgani sm
efﬁt'@\ﬁ@rwtp'n’gaga?%m ] wvmaslpvre!'ﬁ’qﬁerfﬁ?wgf eRmPlf 'é%i?%eoﬁugaf a
maxbteeh, cBiium phosphate, sorbitol or glycine; tabletting lubricants, for example,

magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for example, potato
starch; or acceptable wetting agents, such as sodium lauryl sulphate. The tablets can be
coated according to methods well-known in standard pharmaceutical practice.

Oral liquid preparations can be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups or elixirs, or can be presented as a dry product for
reconstitution with water or another suitable vehicle before use. Such liquid preparations
can contain conventional additives, such as suspending agents, for example, sorbitol, methyt
cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, carboxymethy! cellulose, aluminium
stearate gel or hydrogenated edible fats; emulsifying agents, for example, lecithin, sorbitan
monooleate, or acacia; non-aqueous vehicles (which can include edible oils), for example,
almond oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol; preservatives, for
example, methyl or propy} p-hydroxybenzoate or sorbic acid, and, if desired, conventional

flavoring or coloring agents.
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m croorgani sm or preventing, reducing, or elimnating

contam nation of a subject by a m croorganism The
Wor@roemwaani sminvol ved is preferably a prokarBCr/E$2007/063167

nore preferably a bacterium In one aspect, nethods of

treating or preventing an infectious disorder in a

subj ect, such as a human or other ani mal subject, that

are responsive to inhibition of peptidyl defornylase

are provided, by admi nistering to the subject an

e 6% ol P AR Ao Ut QU B e A0l 6 TRl 2
5 PRa

nventi on, phar maceut'i ca
com@ew}staaﬁpét%mvehfﬁ'ﬁevaé%ffbetee péef?ﬂesdifbﬂgcqw@ﬂ%fﬂepqnﬁm% ARthe
veﬁnﬁié%ﬁéj BHabntratibreuseagaa be ditidr siisp8nddalor i @édl\)ée irl te vehicle or other

t ' ti bl.e
soff BB VPR ABPRRBH FuPRy SoCedeare urp B
injddtion euﬂﬂpt@ustelrm@éd tetfiere Filingeintoiagitabehdet nmmtle @l segling.
Ad@gﬁgégoaay GgSd guch heneRh éﬁ%stﬁét@%éégrvgtn@ raﬁ@f)uffe% ag}éﬁts can be

mnistered alone or in copbination w th anat
dissRiphipdstieticlagdRenaBRals |Slé*§""é5ft“% ERIPPOSH R %?ﬂéi‘}tf"oée”aﬁ'@hfﬂ"g‘g
intb el ikt end theltva®r enfoeéd dridet Yaedurb.OThelury laeihdized ppndaok dree,

I, :
senpg Enlqhé’ \qg ang X %90%?’85%% a/?a'; %cQ lrgéjcltlgrp&g bggé%l@ﬁé@g)
re@qqmg’q«tatg ﬁt@rlnggné @rlqjyo H$fe P@f@geéq{ @@sp@pmcgnsmq:premrgq in substantially the

samRinehbcept thahth@Sorh fin @S SRG8eddh tHaachiglE irdteaduliting
dusﬁg[veé;ﬂgi g{’/ng?alélgn’%?crzaﬁﬁrﬁ%el arg;gorrli'g g}’\etdf Orfllt ?( o%m:ijhg b? 8 un5 %n be

ons, ear
stdrififeaidyieaprsutsito ethgend etitiecbeinse Susswmgarsthaétﬁt"é velw'e | s

Ad@gﬁtbébouélﬁ faes‘c‘lt'fé&m oetidde Gﬁtaﬁlhabdeﬂlzmﬂ% 88mpdMidn to facilitate
I.nfections, .nf ectlo%(f the oral cavity, such as
h, g

uryfarmdigiibiien ofthe gpmppy ums and rmucosa, upper

resplratorytract |nfect|ons | ower res |rator tract
i nf 8b¢ capResitions can contain, for exampie from about 0.1% by weight to about 899%

by weight, e.g., from about 10-60% by weight, of the active material, depending on the
method of administration. Where the compositions comprise dosage units, each unit will
contain, for example, from about 1-1000 mg of the active ingredient. The dosage as
employed for adult human treatment will range, for example, from about 1-3000 mg per day,
for instance 1500 mg per day depending on the route and frequency of administration. Such
a dosage corresponds to about 0.015-50 mg/kg per day. Suitably the dosage is, for
example, from about 5-20 mg/kg per day.

Representative pharmaceutical formulations containing a compound of formula (1)

are described below.

The present invention also provides a process for preparing a compound of the invention,

e.g. a compound of formula (1) which process comprises reacting a compound of formula (V)

H

O
YM R2

N OH
/

Y\\O
© (V)
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genitourinary infections, gastrointestinal infections,
gynecol ogi cal infections, septicem a, bone and joint
w0 pfogaededins, skin and skin structure infecti onBCT/US2007/063167
bacterial endocarditis, burns, antibacterial
prophyl axi s of surgery, antibacterial prophylaxis in
I mmunosuppressed patients, such as patients receiving
cancer chenot herapy, or organ transplant patients and
chroni c di seases caused by infectious organisns, e.g.,

wh%Fe‘ineFrl', ag\ﬁ ?\Jé %Feh S & |néula%09@£m“ @qxshy%gjy 6RERAR drdUPNSr a functional

onpounds can_ be "adm ni stered by routes

deSYﬁélhe @SfePfoM“t%\F‘l”ypouf“b%fafP']"}?"adV')syst emically. Systemc

application includes any nethod of introducing the

conpound into thg tissues of the body, e.g.,

i ntrathecal , i dural, intranuscul ar, transdernal

i ntravenous/ intraperitoneal, sulpytaneous,

subl i ngualfNgs&tdvagi nal, rectal, and

oraladninistr%WHon. The specific dosage of

antim crobi . Be administered, as well as the

duration of®tredjtment, can be adj usted as needed. In

anot her aspect of the present invention, nethods are

provi ded for inhibiting peptidyl defornylase one .
whendioBi ansiiRe are aredatiBehdReVeGRE Piserale i #19Yhers ’ﬁ@“'?’s’ ggnverting
thé HRIIBE confpoleR @blaihed eafecatimafith et fones pet velya.

def ornyl ase i nhi biting amount of a conmpound of formula
r-JnchnaxadeR h%(;g@&%%tl)_ﬁﬁ\hé ¥ f%&%R(/%h&t@deS@é TackiRALER, a6 afhydride

odrug er eof terms ect" and "effective

mﬁ@ﬁ@?@?ﬁea@fornylase i nhi biting anount" are as defined

above. In yet another aspect of the invention, there
Abase adastions maayibe @dristheutaseording ta maipga kiRindh thetge of at disaloged in

thé ":'f( sqgldvp ¢fe ?é%@%ﬁ’ma@ cﬁm@ﬁ@ﬁiétdaﬁﬂb oyt iR te PRIsaldedr a base

A
SRtk aiaees biglude e.g. Hunig base (i.e. diisopropylethylamine) and inorganic bases
such as sodium bicarbonate. The hydrogenation catalyst, preferably a palladium catalyst,
e.g. palladium on carbon or pafladium black, may then be added to the resulting product,
e.g. after concentration and stirred under a hydrogen atmosphere e.g. for about 16 to about
24 hours. The palladium catalyst may be added preferably from about 5 mol% to about 10

mol% of the concentrated product.

Compounds of formula (V), used as starting materials, may be prepared e.g. by reacting a

compound of formula (Vi)

H o
0
QQT/ R1 Rz\QT”’
(Vi)
N
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pepti dyl defornylase. Adm nistration and
Phar maceuti cal Conposition The present invention al so
WwW@e@vile®30 phar maceuti cal conpositions whi ch coP@F/US®0A063167
bi oacti ve N-fornyl hydroxyl am ne conpound, a
pharmaceutically acceptable salt thereof, or a prodrug
t hereof and a pharmaceutically acceptable carrier. The
conpositions of the invention include those in a form
adapted for oral, topical or parenteral use and can be

whgréﬁqi IQr aﬁchﬁ abd fsaée'ﬁﬁébt atﬁt/e ag?(xﬁ&ér ild 'bQi\@@JddQGné &lg.s known

such as ani nal era

in tbqa élft eTrya;gqalgy thiggastian man ge %ﬁ‘f'qﬁ%&ﬁ QﬁPYE‘ﬁY'”QLng?rﬁ%PQW”SHEfO”“U‘a
(VIQ% fanéS H‘b&ire iongh Wé& saReithach tah HEP BMIF| ©luagentioxase or CHyCly,

e _an
ond BFEE PR GO BPT R T B aB A PoCE R LG base in vater
to the canleti migtuteo Exdmepldsrof oatel inudeand kﬁ@dW@Yrqﬁ?FQS’D@G Iftrgym hydroxide,
s M SideBni AL 11k8, 'ﬁ'@’ba@@ﬂm‘é?ﬂé a8dd pex¥rabl at #SE abdut AU TR Bbout
or veterinary nedicine, nal ogy with other

15890 VHpYE fodke CWH“%F‘HB‘H? (g'ﬂe known in the art (see
e.g., Remi ngton's Pharmaceutical Sciences, Easton
CoMpaindPublomsiia ) Gay pe araducades.d by repstinga eRsePORA afépramla (V"'>

th%‘neRn R,V BRI ?WQS?'dteﬁr%@ Sale, M fremnmal bé&%@ KnBwn in the art. The
mni strati on nown

reastigffaphyPpically Hﬁ&?’éfq %‘3‘/\ e %ragﬁ d(tbw?%'%ﬂ ag &Bgr EAged gr 3’5}“’%"“ in
forfﬁhﬁcmdsm@auttom@nscmwoubeoﬂfmwvfllommmwd in the art,
including but not limted to tablets, capsul es,
waf ers, fast orelts (w thout wafers), powdess,

gr anul I gz creans or |iquidgpregar S,
suchHa or H
N N
7 A
o ;\©

(VIIN) (1IX)

“\\\\ \\
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sterile parenteral solutions or suspensions. The

conpounds can al so be adm nistered in |iposonal
worR@elibaro or m croenul sion fornmul ati ons. The chPOPUSINAT063167

can al so beadm ni stered as prodrugs, where the prodrug

adm ni st ered undergoes biotransformation in the

treated mammal to a formwhich is biologically active.

The topical formulations of the present invention can

be presented as, for instance, ointnments, creans or

Cl)fﬂé&ﬁgsc‘of fg'rgllu%t {/Wﬁ‘ra)p §é‘£>r¥§a$ed §§1Hy$éa%ﬁ§g a &Jn@h@d SHorfifa S0

r essi ng:
wherein Sadrnand iﬁaﬁf%%%efm%dgﬁbay% Wéha sg)evoa p¥olueapgiiferipacid in an

in6@ Biganit sGHRIAE, AR h 81GicR BANSLLL AR hMaskido @sheleh as
preservatives, solvents to assist drug penetration and

enollients in ointnents and creans. The fornul ati ons
Compouals of foomtiailX) Bembatrrapheed can\bgiedctingk compeundrod formula (X)

whdtEin R@% & RAROIboM, mtﬂ‘%"hgdrgﬂﬁﬁ&e&wc&ﬁﬂb@ﬂ@bf Ofmud (ﬁ»lwherem
alcoh for |otions carriers can be present,

é%(%ﬂ‘hﬂ L arglky AT o e kfl%"UB”\e(? about 99% of the

formul ation. For exanpl e, they can formup to about
Tigoompbunches fromimiKanayore. pradiede.o. tyrehctiagps coremupdof famala (Xi)

wﬁd;m«amﬁ&rﬁ&fdb Q&he?&nRhﬁ ab BefMBd Lo NOSE KREESIREMeaEd Oon form
and can contain conventional excipients such as

In@)fg ntﬂ? %%%Uét%h o‘ QtFﬁxﬁﬁ( %\gpengls ISSXJt %chﬁgrﬁcdeambgg I’tﬁle cgrhpounds

avﬁknp@? g mmobe E’)@B?rﬁfl’ ena!qgge%ho@enetwgénowmu theoars pragdisclosed in

the @k4nhpiB HRGsgBat e, sorbitol or glycine; tabletting
| ubricants, for exanple, magnesium stearate, talc,

O| yﬁ@!tpg%lnéng?atgit X&Q l:atBh ac'r{dI dugﬁz’atld#xls %L&{y lﬁ Q\rsae%ﬁcanén e[re Pereby
mgfuecrfata% b\é EtRrence v%wwntm fﬁh%i‘tFé'mO?‘PFéo ﬁ'&tﬂa@ﬁsex*@a‘rﬁsbfee“h
individual patent, patent application or publication were so individually denoted.

The following abbreviations are used:

AcOH, HOAc = acetic acid

Ac,0 = acetic anhydride

BOC, Boc = {-butyloxycarbonyl

DCM = dichloromethane

DIEA = diisopropylethylamine

DMF = dimethylformamide

DMSO = dimethylsuifoxide

Et = ethyl

EtOAc = ethyl acetate

Fmoc, FMOC = 9-fluorenylmethyloxycarbonyl
HATU = O~7-aza-benzotriazol-1-yl)-N,N,N',N’-tetramethyluronium hexafluorophosphate
MCPBA = meta-chioroperoxy-benzoic acid
Me = methyl

MeOH = methanol
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coated according to nmethods well-known in standard

phar maceutical practice. Oal |iquid preparations can
wbeoornodehe form of, for exanpl e, agueous or 0iPET/US2007/063167

suspensi ons, sol utions, enulsions, syrups or elixirs,

or can be presented as a dry product for

reconstitution with water or another suitable vehicle

bef ore use. Such liquid preparations can contain

conventional additives, such as suspendi ng agents, for

Mﬁﬁa In,n%gﬁgb&ggs met hyf cel |l ul ose, gl ucose syrup

gel a oxyet cel | ul ose, carboxynet hyl
NVER #uhm\saeatryaixynmtml aﬂme:st earate gel or hydrogenated

féi{ {)%'Je%amorﬁ@yé.é'fy' ng agents, for exanple,

hi'n, sorbitan nonool eate, or acacia; non-aqueous
RTvehloboltespdratiech can i ncl ude edi bl e oils), for exanple,

TFQLWHﬂﬁm%k&mag |y esters such as glycerine, propylene
or et al cohol ; preservatives, for exanple,

thethyM or propyl p- hydroxybenzoate or sorbic acid,
sired, conventional flavoring or colorlng
T géﬁwg‘ﬁaﬁﬁﬁhrenteral adm nistration, fluid unit

THICS AgQakyFdpsrapyie prepared utilizing the conmpound and a
sterile vehicle, water being preferred. The conpound,
Ts@Eps ATSAG BHereRiopisiidl e and concentration used, can

be either suspended or dissolved in the vehicle or

GENEEAL HahEseREMENt - I n preparing sol utions, the
*‘CUnpcﬁﬁgicaﬁJ§6"§T§§ | ved in mater for |nject|on and
filter steri)ized before fil
o | SABEOR S BYPTAG Sords e Bp Pt ik e feaBlon
schenhaschbwabest.het i ¢ preservati ve and bufferlng agents
can be dissolved in the vehicle. To enhance the

st alphd ét&ﬁﬁng MB@n&QéﬁNﬁédeh@mséﬁﬂ phpafifghesd cdmbeunds ald emng
aval%lelfvgp%)mrqe?éag swg\}\ﬁ% ?m tAh‘{é P\/e?rrq ica %d € {M l}/waukleen{/\llsconsm,
USA), Bachem (Torrance, California, USA), Emka-Chemie, or Sigma (St. Louis, Missouri,
USA) or are prepared by methods known to those skilled in the art following procedures set
forth in references such as Fieser and Fieser's Reagents for Organic Synthesis,
Volumes 1-15 (John Wiley and Sons, 1991); Rodd's Chemistry of Carbon Compounds,
Volumes 1-5 and Supplementals {Elsevier Science Publishers, 1989), Organic Reactions,
Volumes 1-40 (John Wiley and Sons, 1991), March’s Advanced Organic Chemistry, (John
Wiley and Sons, 4th Edition), and Larock’s Comprehensive Organic Transformations (VCH
Publishers Inc., 1989). These schemes are merely illustrative of some methods by which
the compounds of this invention can be synthesized, and various modifications to these
schemes can be made and will be suggested to one skilled in the art having referred to this

disclosure.

The starting materials and the intermediates of the reaction may be isolated and
purified if desired using conventional techniques, including but not limited to filtration,
distillation, crystallization, chromatography, and the like. Such materials may be

characterized using conventional means, including physical constants and spectral data.
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sealed in the vial and an acconpanying vial of water
for injection can be supplied to reconstitute the
WO p@aiebopr i or to use. Parenteral suspensions aPE&I/US2007/063167
prepared in substantially the same manner except that
the conpound is suspended in the vehicle instead of
bei ng di ssol ved and sterilization cannot be
acconplished by filtration. The conpound can be
sterilized by exposure to ethylene oxi de before

suspendi ng i npteperatibe ot or, ageously, a

surfactant or wetting agent is included in the

co ’Hb%!ogﬁo‘% R bofn i@ ddnttdtofepditidby HaHBUS el Iheivh athebirt bhe
oun he conmp OSItIOﬂS

org@fr'@?heawt Rgprgs;gn@rvel@mg}e{rc Qrgcegﬁr&a?or Q@@/arw%&eséa oﬁhe
pre?er@rnverftrbrﬁ)mea’lbr@wétedléhdﬁﬁ%/orbyd inefepii belowf Fortesample openpounds of
forr{m%ﬁ I slﬁg preggﬁeggl N8 PBed |n§cﬁ@e'39\d8 Bio@dm ni stration.

ositrons conprise osage units, each

unit will contain, for m abaqut, 1-
Gengral Rrgcadurs A YRS PémZ(R*rrrﬁf@"ars'E&%sxw ek el e
pyrefidine-Hahearb vl ﬁ’gﬁ‘f“ﬁ’\?l range for exanpl e, from
about 1-3000 ng per day, |nstance 1500 ng per day
dependi ng on the route an e uency of Ha
OJHSEH; G teipeditine SUR N ca,zmosaﬁ CoLr espo t osdbout
- SUc@g/%acper day. Sui tably.th age is, for
exanple fronrabout 2»20 N} per da ‘Rggﬁgsentative
phaastaceut i cal fornulatrons)gpntarnrngaa ound of
formula (I) are described bellow. The present invention
al so provides a process for preparing a compound of
the |nm ntion,

N 1) p-TSA/EtOAC \3 HCOH
N
BnO” ———re———p B0’
2) 1M Na,COs3 \/'Y Acz0
A-4 \t:j A8
X

HN
1 ):m) /HATU
NH -Ry

H X)
LioH — " ﬂi{h{ ((
o J\g \) k}\ff 2} Hy, PAIC T8 I "

NH-R4

A7 A-8

Step 1: 2-n-butyl acrylic acid (A-2}

To a solution of alkyl malonic acid A-1 (R = n-butyi (107.4 mmol) in ethanol {200 mL)
is added piperidine (12.7 mL, 128.8 mmol, 1.2 equiv.) and 37% aqueous formaldehyde {(40.0
ml., 536.9 mmol, 5 equiv.). The solution is heated to 80 °C during which time a precipitate
appears, and then gradually redissolves over 1 hour. The reaction mixture is stirred at 80 °C
overnight then cooled to room temperature (rt). The solvents are removed under reduced
pressure, and the residue is dissolved in ethyl acetate, washed successively with 1 M HCI
and brine, dried over anhyd Na,SO,, and filtered. The filtrate is concentrated to give the title

compound A-2 as a clear olil.
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e.g. a conpound of formula (1) which process conprises

reacting a conpound of fornmula (V)wherein RL and R2
wae@7assedef i ned above and Y is a hydroxy prot eR€I/ngR007/063167

group, or a functional derivative thereof, with a

conmpound of forrmula (VI) wherein R3 and R4 are as

defi ned above, and n is equal to 1, and where

required, converting the resulting conpounds obtained

in free forminto salt fornms or vice versa. Functiona

Stél£2:i ABérizyRS (2Wutgernpooyisexaeblidime-one §A-8V) i ncl ude e. g
acid chloride, acid anhydride or an activated este
Abog-e-Butyheariliomsid (30 &d7 2anTelend d pauine Estsarhry it 87 THF (260

ngﬁ@mdlf@m et HB1alet ofHitrogsn, i s d (171’5 rhh.el 00.4 mmol,
canveni

1 var)@ad B\ﬁ/ﬁlo ﬁl?r'}-gig ?%% g@gt’cgggpn?i ey éarg ﬁgdetd af suc% a rate that
thd tf@lnbémxade reyainydivedgye6atG. ofhe nuxteredy Siaied gt -7 87 thhre30pmestem e
a tabl e bases includ

wa?meoatoEfyf %&séﬁﬂ?‘?ﬁ 3!9%‘?%%}%?% (Zt hyl am ne) ! andu °

' nofr&a@pgratéaﬁ% (§)L{C)hl @%zﬁQ%éﬂ&dﬂrhﬁﬁr(m &7.24 enol) is

on_ca r a

e 0 T G0 BhA bR B EE PR BBl ) o

n-Baylithitre (2.5 & satitiedin hexanks 30 &sul, ¥7-A g dmew ) iscadged glowle at-
78%’ %%p%rrﬁ\hbfé% amda /b6 Frﬁr@téér&d@r TR rlamrn%mn %témptl“@\%@rred

t t
VoY IS OB RGP SR T hE PR i ATARRLE e Hads
stiéxDoMermldht aol. ohe fredchien is quepemddrvethd M EHEGucind ttEeseyentn de

remgved%';ﬂ%jlrgd uked %reééﬁﬁd 188 rafddt i d%&tﬂr?é&%iw%'ﬁ ethVBa\éetQ@ and

react
wa(texn ﬂ’)’%\»ﬁr@?@? Hyepals wa‘\’;gg wiiriohpe g0 BT qEROFLA Néb%\’ﬁ fitegedgyand
coH&btﬂu&étemd dgivenilow ciDmiiEH ik pardiee bgtlasashiomatography (mlaxana:ethyl
acaﬁ\ég £ )tX 5 {dl?tlwestltig %Qrg (l,hu%g A??% p\ﬁmﬁasrorid @g.o%%z?)ﬁmol, 68%).

Vln

Step 3: 4-benzyl-3-[2-(benzyloxyamino-methyl)-hexanoyll-oxazolidin-2-one

(p-toluenesulfonic acid salt)

Compound A-3 (8.25 g, 28.7 mmol) is mixed with O-benzylhydroxylamine (7.07 g,
57.4 mmol, 2 equiv.) and stirred for 40 hours at rt under nitrogen. The mixture is dissolved in
ethyl acetate and p-toluenesulfonic acid (21.84 g, 114.8 mmol, and 4 equiv.) is added to
precipitate excess O-benzylhydroxylamine as a white solid. The white solid is filtered off,
and the filtrate is concentrated to give a crude yellow oil (HPLC analysis indicated a small
trace of starting material). Charging the crude yellow oil with excess diethyl ether and
cooling to 0°C for 30 minutes gives a solid which is collected by fiitration and dried in vacuo

to afford the titte compound as a white crystalline solid (single diastereomer).

Step 4: 4-benzyl-3-[2-(benzyloxyamino-methyl)-hexanoyl]-oxazolidin-2-one (A-5)

To a solution of p-TSA salt (22.9 g, 39 3 mmol) dissolved in ethyl acetate (400 mL}, was
added 1 M Na,CO; (200 mL, 5 equiv.) and stirred at rt for 30 minutes. The layers were
separated, and the aqueous layer extracted with ethyl acetate. The combined organic layers
were dried over anhyd Na,SO,, filtered, and concentrated to give the titte compound as a

pale opaque oil (15.8 g, 38.6 mmol, 98%).
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(M1) e.g. in a mxture of an inert solvent, such as

THF 1 DVF, toluene, dioxane or CH2Cl 2, and water, and
wa@eodirngpehy dr ogen per oxi de and then an agueous BGI/US100T1063167

of the base in water to the cooled mxture. Exanples

of base include, e.g. sodium bicarbonate, |ithium

hydr oxi de, sodi um hydroxi de and the |ike. The base nay

be used preferably at fromabout 1.1 to about 1.5

equi val ents to the conmpound of fornmula (VII).
StePTINO[PdDentyl Raixmoxazdiidine)3-criyortyd- hexyiliydedzyoxy-foppamide

beactl ng a conpound of formula (MII1) wherein Rl, R2,

nd Y are as defined above, with formc acid as known

' n /R Q«ﬁut@ﬁ bof coﬂb%urﬁoeﬁgt(‘!) 94, WBM bl Céduh\y) im@reiaatid €4 ot |
196 b mgits £l oo 05k bl B loEE 3 sAPHElbAS
fonwlal:ﬂd)a i mLf o6 emalc i Elequiwlis ¢ople@Ito°C( gadpr 4 bignket of njtrogen, and
aceftlg gnpy%ncri]ed(g 49fml_]c 9. ?]’H-ln?og Mgl ) is%ﬁe@&’op%l?ep arRQoRtidh is Bifred at

0°Qafeet 1 &mmu@sﬁh@@ﬁwmdmm%v%uw G b Firings o the
on@néu Aadfestdd. UfHeGmﬁtGrleds stire@ Bt 0°0dert1 rougdehat ¢ ok 3énars. The
mngynrf; lsac@ggﬁk\g tlﬁg lbe]n up (5“ ic drmﬁ?k%ne Md h@gel}@g?sgﬂely u'ﬁh
satuextest Natf CGa aod hyrsuritie gfgaﬂle#amn '%d’(eﬂ)o"%?é'gﬂ"ﬁ”@ia??@% g@'edy
an#ji %Ho@ﬁ%t@h@ e a%&zﬁué‘oi‘MﬁtEt@%)SutﬁiéGb?ﬂéﬁdzhmmwgbdy of
(h@(ppei,q;thyl gget@tﬁovgﬁi tp?ﬁ (? orgrpftatﬁar}/ﬁha’é:etglra%% |9 1%%@% ch%(é tlt%rciompound
as(@Xplofiess obe produced e.g. by reacting a conmpound of
formula (XIl) with pival oyl chloride, wherein Ris as

stélShi AREeARDL-fordiy kMmN rethyliRxadic acid (A7)

Compound A-6 (0.163 g, 0.372 mmol, 1 equiv.) is dissolved in THF (4.5 mL) and
water (1.5 mL) and cooled to 0°C. Hydrogen peroxide (30% in water, 228 pL, 2.23 mmol,
6 equiv.) is added dropwise followed by the slow addition of a solution of lithium hydroxide
(0.019 g, 0.446 mmol, 1.2 equiv.) in water (350 pL). The resulting mixture is stirred at 0°C
for 1.5 hours. The basic reaction mixture is quenched with Amberlite IR-120 resin (H") to pH
4-5 at 0°C. The resin is filtered off and rinsed with ethyl acetate. The mixture is
concentrated to remove THF, and then taken up in ethyl acetate. The aqueous layer is
separated, and the organic layer dried over anhydrous Na,S0;,, fitered, and concentrated to
give an opaque oil which was purified by flash chromatography (dichloromethane: acetone =

4:1 then acetone: methanol = 99:1) to yield the title compound A-7 as a colorless oil.

Step 7: 1-{2-[(benzyloxy-formy!-amino)-methyl]-hexanoy!}-pyrrotidine-?.-carboxylic

acid amide

To a solution of compound A-7 (0.190 g, 0.680 mmol, 1 equiv.) in dry dioxane (4 mL)
at rt under nitrogen is added successively Hunig's base (391 pL, 2.24 mmol, 3.3 equiv.),
amine A-8 (0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748 mmol, 1.1 equiv.). The
resulting mixture is stirred at rt for 22 hours. The mixture is partitioned between ethyl
acetate and 10% citric acid. The organic layer is washed with brine and saturated NaHCQO;,

dried over anhydrous NaySQy, filtered, and concentrated. The residue is purified by flash
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I nsofar as the production of starting materials is not
particul arly described, the conpounds are known or nay
wheoopnepar ed anal ogously to met hods known in tPEI/EHS2000063167
as disclosed in the exanples hereinafter. A! patents,
pat ent applications and publications cited in this
application are hereby incorporated by reference in
their entirety for all purposes to the sane extent as
i f each individual patent, patent application or
chputogzaby @dishinemethace: agetingi=diiltd givelb BlecempTyn as a colorless
oif ol 'owi ng abbrevi ations are used: AcOH, HOAc = acetic
acid Ac O = acetic anhydride BOC, Boc =

t-but yl oxycarbonyl DCM = di ¢hl or ongt h . = R
sy R BB Rehe AG DABRa a ove
anlder@t-9y| sul foxi de Et = ethyl Ei OAc = ethyl acetate

Frmoc, FMOC = 9-fl uorenyl net hyl oxycar bonyl HATU =

0- ( Ba 2480868520t £JuRZN adkied to)a ilNoMof, dNovd @iripadret (D50 maral,
1 e%mvg?nxaa%c :|1 lélt g&%%lgtgt%%g\%%g! solution (12 mL) under a blanket of nitrogen. The
mixture is stirred under hydrogen atmosphere for 36 hours. The catalyst is removed by
filtration through a pad of Celite. The filtrate is concentrated, and the residue was purified by
preparative TLC (dichloromethane:acetone = 2:1) to give the title compound as an

amorphous solid (0.121 g, 0.334 mmol, 61%).

General Procedure B: Synthesis of 1-{2(R)-{(formylhydroxyamino)-methyl]-alkanoyl}-

pyrrolidine-2(S)-carboxylate ester

X
HN (n)
1) I / HATU
o’ O-Rq
L A0, OHR ()
O N A o Hy N ()
BnO i 2) Ha, Pd/C o ht
0~ O-R4
A7 A-11

X = CHy, -S-, -CH(OH)-, -CH(OR)-, -CF-, or -CH(F);n=01t03

Step 1: 1-{2-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidine-2-carboxylic
acid ester

To a solution of compound A-7 (0.680 mmol, 1 equiv.) in dry dioxane (4 mL) at rt
under nitrogen is added successively Hunig's base (391 pL, 2.24 mmol, 3.3 equiv.), amine
A-10 (0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748 mmol, 1.1 equiv.). Usual work-up

and purification provides the title compound.
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MCPBA = net a- chl or oper oxy- benzoic acid Me net hyl MeOH

= nmet hanol MVP = nmatri x netal |l oprotei nase NVOM =
woRaoravsrat ryl oxynbt hyl et her p-TSA = p-t ol ueneGUUSINT/@63167

acid RT = roomtenperature TFA = trifluoroacetic acid

tBu = t-butyl THF = tetrahydrofuran THP

2-tetrahydropyranyl TsOH or p-TSA = tol uenesul fonic

aci d GENERAL SYNTHETI C SCHEME Conpounds of this

i nventi on can be nmade by the nethods depicted in the
Stersaict HorauAbYEe X WO Ine) et hexmneytayrrol Hge-Aseeronliccacid
estifa-ipagents used in preparing these conpounds are

ei ther avail able fromcomercial suppliers such as

Al dLi m cal . ' onsi.n, .

A RO P T o PR 0Tl BBl o
a 18] ¢fivel ag&ete/ethaud! solutiind Sl | undesspylanket o nrogine JAe eUktyg is
stiff&d mgﬁwym@wathqessh@%@r $dtdulse tthi Bathia? isreinode@l by Bt
thro&g%caepa%ro?%elﬁgt The filtrate is concentrated, and the residue is purified by

preparative TLC (dichloromethane:acetone = 2:1) to give the title compound.

General Procedure C: Preparation of pyrrolidine-2-S-carboxylic acid pyridin-2-
ylamide (A-8) (X = CH,, n = 1, Ry = 2-pyridyl)

Step 1: 2-S-(pyridin-2-ylcarbamoyl}-pyrrolidine-1-carboxylic acid benzyl ester

A-12

A solution of Z-prochloride (5.0 g, 18.7 mmol, 1 equiv.) in pyridine (40 mL) is cooled
to 0°C under a blanket of nitrogen. 2-aminopyridine (5.27 g, 56.0 mmol, 3 equiv.) in pyridine
(10 mL) is added dropwise. The resulting mixture is stirred at rt for 4 hours, then
concentrated. The residual oif is dissolved in ethy! acetate and washed successively with
water, 10% citric acid, saturated NaHCQ,, and brine. The organic layer is dried over
anhydrous Na,SO,, filtered, and concentrated to give the title compound {4.21 g, 13.0 mmol,

69%) as an opaque solid.

Step 2: Pyrrolidine-2-S-carboxylic acid (pyridin-2-yl) amide hydrobromic acid salt

HBr HN 73
=N
i

A-13

A solution of above compound (4.21 g, 13.0 mmol, 1 equiv.) in acetic acid (65 mL) at
rtis treated with HBr (5.7 M, 33% in acetic acid, 110 mi, 649 mmol, 50 equiv.}, and the

mixture is stirred at f for 2 hours. Charging the reaction mixture with excess diethyl ether
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forth in references such as Fieser and Fieser's
Reagents for Organic Synthesis, Volunes 1-15 (John
wadoeso@nd Sons, 1991); Rodd's Chemistry of Cap@DnsS2007/063167
Compounds, Vol unmes 1-5 and Suppl enental s (El sevi er
Sci ence Publishers, 1989), Organic Reactions, Vol unes
1-40 (John Wley and Sons, 1991), March's Advanced
Organic Chem stry, (John WIley and Sons, 4th Edition),
and Larock's Conprehensive O ganic Transformtions
and 36kihgRulor ¢ ©had sirutes gived § 8@ whith éswlisntdud eilratioreandeiried in
vaclt oltyﬁorrc?ﬁwlavl& &ﬁn o s'BB&rEWr%M &h' ch the Cormounds of
I'nvention can be synthesized, and varlous
nDdlflcatlons to these schenes gan be na
G‘;? qg tcedure ® Sirherery- BH"i!’]H’"teF?e a‘iPE“H%Rﬂ EH‘Q" &P%&P"L‘H”@B‘e‘
Yi scl osure. he starting Haterlals and the
i nt er medi at es oOf : reactlon may be isol ated and
purified if des d u5|ng onventional techniques,
i ncl udi ng but not ¢ iltration, distillation,
crystallization, chromat gr hy the i ke. Such
materi al s may be charact®@riZe nventi ona
means, includi ng physical constan and spectral
data.Preparation of Conmpoyfiglg of Fornmula (1) Conpounds
of formula (1) can be prepared by nethods well known
in ttkba:oaﬁltng@f O Q&GB! Grotda el padling/ (1 rﬂemmmmadunya 5 mmol) in

T
folideediby reyeyadnf O-Rot butvk withp T ' dl@*mra@mmy 6} pmmwmeaﬂﬂel )

COQQ&HQQ,@m@paaed as described in Schemes A-B bel ow.
CGeneral Procedure A Synthesis of

Ge:il’\eia% "@ce&&nfe Q. ny-bt}xxm&é%mdﬂ@i-g-%gmuhcazlcli%a&%ét}\yl-pyndine-z-

yl}-amide
HN z \
T
o~ N

A-15

The above hydroxy compound (2 mmol) in methylenechioride (20 mL.) is treated with
N’N-diethylamino sulphur trifluoride (DAST; 4 mmol) at -70°C. Then, reaction mixture is
allowed to stir at rt for 16 hours and washed with cold ag. sodium bicarbonate solution, dried
and concentrated under reduced pressure.. It is purified on silica gel column
chromatography to give N-protected derivative which on treatment with HBr-AcOH provides

an amino compound

General Procedure F: 4-S-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester-

2-methyl ester
OH



pyrrolidine-2(S)-carboxylic acid amde X= CH2, S n

0,1,2 Step i : 2-/?-butyl acrylic acid (A-2) To a
waatoatdveem of al kyl malonic acid A-1 (R = n- butRCT/(3D37/863167

mrol ) in ethanol (200 nL) is added piperidine (12.7

m., 128.8 mmol, 1.2 equiv.) and 37% aqueous

for mal dehyde (40.0 nL, 536.9 mmol, 5 equiv.). The

solution is heated to 80 OC during which tine a

preci pitate appears, and then gradually redissol ves

over 1 hour. The reaction af&ture is stirred at 80 0C

overni ght then cooled to roomtenperature (rt). The
Tosodolion sf tane4-hedroyedmpael madi cldehepyl@desphiae (hhamohénd

behSord AW 'S%rgél?nﬁ Gﬂ-ﬂf?fb M%@Ecﬂi\éh N@@@ﬁs@ﬁr@pyﬂé@&m@é}boxylate

Successl| ve
(1 RSO THR (P T\ T8 AP PP 6 L RE SR oo en
is Qirﬁbﬁed liRlet retilo@d pRBROe ALl Bsiducis dasaed @y etver] 1t Btiepcddled to

pregi %ta% Lﬁ%o?pﬁmg oxr?e%I M{lch %%ﬁ(ﬁl@v%g b?/ fn%%%ha ﬁII{ere?s é%ﬂ«?en(rét’e@)mder

acr
redugafl vreysqr% H\eﬁtﬂﬁ\méleriahs tjﬁiedr\HFh pethanofit Sgd'%et&?f@ﬂeéar 2
hOt.l% at 5%9N@@@J cné’-hﬁir@@'ﬁ@ﬁp@fndnl trogen. Hunig's base

(17 m., 100.4 mmol, 1.3 equiv.) and pival oyl

ylgr% rl"rgc%dgt {’ &-flué?o-;{yr%ﬁﬂne-zjs EANbY L aBaqs- %@?ﬂ-pgﬁdm%

hat 't enper at ure renal ned bel ow
n1xture is stirred at g-78C for 30 m nutes, warned

tort for 2 hours, and fi naIIy cool ed back to -78C. In
a separate fl ask, (S) - - 2- oxazol i di none
(13.49 g, 77.24 mol )8

A-17

The fluorination of the above cis-hydroxy provides the trans-4-fluoro derivative which
on saponification gives the corresponding acid. The amine is prepared from 4-R-fluoro-
pyrrolidine-1-carboxylic acid tert-butyl ester and 5-methyl-pyridin-2-ylamine under HATU
condition to give proline amide derivative which on treatment with 4 M HCl in dioxane

provides the desired amine.

Example 1: 1-[2-Cyclopentylmethyl-3-(formyl-hydroxy-amino)-propionyl]-pyrrolidine-
2-carboxylic acid (5-fluoro-1-oxy-pyridin-2-yl)-amide

Iz

A-18
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di ssolved in dry THF (150 nL) and cooled to -780C

under a bl anket of nitrogen. n-Butyllithium (2.5 M
waaloattveemo i n hexanes, 30.9 nL, 77.2 mol, 1 egedWU$200%063167

added slowy at - 78C, and the mxture is stirred for

30 mnutes at rt. The resulting anion is slowy

transferred via a cannula into the original reaction

vessel . The m xture is allowed to warmto rt and is

stirred overnight at rt. The reaction is quenched with

1 MuehitBom sbudd tsfibeepatbld\éemangazb@eheme@hdumfmm educed
eSS ik amne Sy e SRR bR RERYSRE. ot P

ayer washed with
cydinpentgimethyl) et mrehdlmgamwls; MM}W Z‘Niawdér/’eﬁl (X afllz n=1,

COPGERLLAL; to give a yeilow oil which is purlfled by
Ry Tp ﬁ ch@oﬁ@t ography (hexane:ethyl acetate 4:1) to

yield the titie conmpound A-3 as a white SO|Id (15.0.0,
2—@@1@6%&1\3@99 ormg%&trg}xydm—pyx an-2-yloxy)-amino]-propionic acid
Is prepseadAfpm ‘8’9{025”(‘36‘@%?% TEALgATACH RS ﬁéﬁ“H?ﬁd)bei?é”x anoyl ] - oxazol
i di n-2-one (p-toluenesul fonic acid salt) Conpound A-3
Brogomethyl-cyslopSatiifs| ) is mixed with O ben
yl hydroxylam ne (7.07 g, 57.4 mmol, 2 equiv.) and

stirred for 40 hours at under nitrogen. The m xture
is dissolved in ethyl @ﬁte and p-tol uenesul fonic
acid (21.84 g, 114.8 mol, %Q\g 4 equiv.) is added to
preci pitate excess O benzylhy }Sxyl amne as a white

A sttibrtlof cftiepentant eethahdl (#8.59, #B4 merob -t (88.0amid 68 hemmol), and

an%ﬁ&J&%ﬁ-{% 4 E‘) i§ Q&Qe% buad, %ﬂd gtf?reg 'uM@er ﬁﬁr@ééﬁd @leﬂﬁﬁtl\ésgh%n?l' dhloride

S|S|n|cae trace of star n
(b 48 IMmO Xn 8P WY A e HES %H"PW*H? e i, The
migluetidytire@ton &f addtidnal Mol 41 g0°CoaR G (800.B0, Hbhures igplavay
ad\%%oz @%&trgerms. Cﬁiei rgac%“ rlnba’(ﬁﬁeeig sgwedfférlak ra@&i{icmal fH}Q)qu ait %rﬂ n
temperature. Water is added to dissolve the salt, and the mixture is extracted with Et;0.
The Et,0 layers are combined, dried over Na,SQs, and is carefully concentrated (25°C at
100 torr). The crude product is purified by vacuum distillation (35°C at 1 torr, the desired
compound is the first fraction to be collected). This gives bromomethyi-cyclopentane
(31.4g, 40% vyield) as a coloriess oil.

2-Cyclopentyimethyl-malonic acid

HO H

o 0 A-18b

A solution of diethyl malonate (36.91 g, 230.4 mmol), anhydrous methanol (400 mL), and
NaOMe (25% in methanol, 49.79 g, 230.4 mmol) is stirred at reflux for one hour under
nitrogen. Bromomethyl-cyclopentane (31.31 g, 192.0 mmol) is added to the mixture, and
stirred for an additional 3 hours. A solution of NaOH (23.04 g, 576.0 mmol) in water (400
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to afford the title conpound as a white crystalline
solid (single diastereoner). Step 4:
wal2@eneesle 3- [ 2- (benzyl oxyamn no- net hyl ) - hexanoyPCFUKWATI63167
i din-2-one (A-5) To a solution of p-TSA salt (22.9 g,
39 3 mmol) dissolved in ethyl acetate (400 niL), was
added 1 M Na2C33 (200 nmL, 5 equiv.) and stirred at
rtfor 30 minutes. The |ayers were separated, and the
aqueous | ayer extracted with ethyl acetate. The
mL§ Ql‘ﬂahétﬁ dncmhg albitgre bsasyeé@fov\m &iddibha d howrest refih yTthe NaixtS©is

co%lgcl qd thous erce(m)nr(]jce?( ac %fsv? @ r. ggye otid? ?ﬁy&] %gg a@@@%ﬁﬁe

opaque ol
aqiioug myer-vbmfyeld with d%dwmw i dhpadwmoesiyss mﬁxya%%oy'ﬁn EtPAc.
Th Eméwﬁé e&mm S‘r?ed(oeera\)azéo§@hdJ&dn@éhtt@fengﬁ‘?gNiBﬂzn-f-
I aci

CM%“@'”HWI‘W'?@C é?ﬁ 499 gg/"é'l?bl) éﬂaf"’g'wos(?@ ‘under a

bl anket of nitrogen. In a separate flask, formc acid

(7.4 nm., 196.6 mol, 15 equiv.) is cooled to 00C under

a bl anket of nitrogen, and acetic anhydride (2.47 mi,
2- @i peRtPitheth @i-Reic\ackd | s added dropwi se. The sol ution

is stirred at OC for 15 minutes. The resulting m xed

anhydride is slowy transferred via syringe into the

original reaction vess The m xture is stirred at

00C for 1 hour, then at—Xt for 3 hours. The m xture is

concentrated, taken up in dichloronethane, and washed

successively wth saturgfPed-NaHCO3 and brine. The

organic layer is dried ovef an Qrous Na2SO4,

filtered, and concentrated to ‘give an opaque oil which

IS purlfled by flash chronatogra hy %hexane et hy
Aatdurgob2-eycopentyimehyianaeniordhit §a8e 33 P8k Piee! "f)“‘%%mL
16%ig@hifolf, BE%tahlidoRs RARRBEHYEe (51.0 mL, 647.2 mmol), and EtOH (250 mL) is
stirred at reflux for 16 hours. The reaction is quenched with 1N HCl to a pH=1, and the
mixture is extracted with EtOAc. The EtOAc layers are combined, dried over Na;SQ,4, and
concentrated. The crude product is purified by flash chromatography (SiO,, 10% acetone in

DCM), which gives 2-cyclopentylmethyl-acrylic acid (17.65g, 86% yield) as an oil.

4-Benzyl-3-(2-cyclopentylmethyl-acryloyl)-oxazolidin-2-one

he

N 4
A-18d

2-Cyclopentylmethyl-acrylic acid (17.65 g, 114.5 mmol) is dissolved in anhydrous THF (200
mL) and cooled to -78°C under nitrogen. N,N-Diisopropylethylamine (25.9 mL, 148.7 mmol)
and trimethylacetyl chloride (14.1 mL, 114.5 mmol) are added consecutively at such a rate

that the temperature remained below -60°C and that gas evolution is controlled. The mixture
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as a colorless oil. Step 6 :
2-[ (benzyl oxy-forrnyl -am no) - net hyl ] - hexanoi ¢ acid

W@ 2oo7)066opound A-6 (0.163 g, 0.372 mmol, 1 egedWUP200%063167
di ssolved in THF (4.5 nL) and water ( 1.5 nL) and
cooled to 00C. Hydrogen peroxide (30%in water, 228
m., 2.23 mmol, 6 equiv.) is added dropw se fol |l owed by
the slow addition of a solution of |ithium hydroxide
(0.019 g, 0.446 mmol, 1.2 equiv.) in water (350 nL).

is st atemut tarng nihutdsystirel at ®bm tengebraitre 60 € hbans, dndobiediback
The %%éic reaction mxture is quenched with Anberlite

doyrRo resin (H) to pH 4-5 at 00C. The resin is

filtered off and rinsed with ethyl acetate. The

mi xih @arseparste faske 6K )-4tbetavt-goxazalsinena (30 30gn i1 4 h@moleaRen

dls%(jzdr}hﬁwthpéfrkusaﬁ-@ff b& mLTQf% d’%@fé@ LI gdoAWREr d:tﬁ)g@ﬁ? p@ub’ﬂlﬁﬂvﬂ 45.8

e organic layer dried over anhydrous
mLf § 14 5negle) vaﬁ@wucﬁdé%iﬂtr%ﬁ%oﬁnﬂéhw%mdﬁ sEEALT éoa?"i‘“t%aﬂt gpm
terMRfuRUThd lfegﬁitl@yanfdnﬁgloﬁﬁ t’r@rﬂi&in@g Kid ﬁuh:)énr(mh iafltior arigiahaagion
ve%%g%ﬁ? % ture 8@6&‘%{} Xa‘f" g o%m E%rper ure and lSl Stli]f%i Sﬁnﬁh?gtd
rooin e@pératuend ¢ hoxy)- Toe rgaptucammtur)e-lmtehwe]dw#bw Q. ?ﬁﬂ"? o]
extrdctldNin g“t@@cr bf‘(%% 1daﬁ|c @a(‘ybg a?é"fld?f%m-gg Washed Witd ihe Oried over

Nagﬁ%xg{}%&ocqpnﬁﬁt)ad Iorgiverd )G;H%PII gﬁhf"rc&é’é Hrnggéwgéeé by f%sl¥
chidthaReSPhW(ESIq,, MW EP s ihbsend)30 divertt-perzy P (2rmyolbpeny/ir@ethyl-

ac?‘?@%%xf)zondﬁm-%g(ﬁ%ﬁg(Q4°/{)Ab?aé‘£ﬂ3$w 1.1 equiv.) and HATU

equiv.). The resultlng

mmn?{-ﬁ@é@%@%ﬂw‘?éf(mrlagydro pyranl’g-?loxyammoq] pﬁé%ﬁyd- S

oxazolidin-2-one

he

A-18e

4-Benzyl-3-(2-cyclopentylmethyl-acryloyl)-oxazolidin-2-one (22.90 g, 73.1 mmol) and O-
(tetrahydro-2H-pyran-2-yl)-hydroxylamine (34.24 g, 292.3 mmol) is combined at stirred at
45°C for 48 hours under nitrogen. The crude product is purified by flash chromatography
(Si0,, 0 [130% EtOAc in hexane), which gives 4-benzyl-3-[2-cyclopentylmethyl-3-

(tetrahydro-pyran-2-yloxyamino)-propionyl}-oxazolidin-2-one (21.65g, 69%yield) as an oil.

N-[3-(4-Benzyl-2-oxo-oxazolidi n-3-yl)-2-cyclopentylmethyl-3-oxo-propyl]-N-
(tetrahydropyran-2-yloxy)-formamide
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acetate and 10%citric acid. The organic |layer is

washed with brine and saturated NaHCC3, dried over
waehydewns Na2SO4, filtered, and concentrat ed. PATES2007/063167

residue is purified by flashchromatography

(di chl oronet hane: acetone = 3:1) to give the title

conpound as a colorless oil. Step 2:

i fZ-1ifornyl-hydroxy-am noJ-net hyl | - hexanoyO pyrrolid

nb- Z- carboxylic acid amde (A-9) Pd-C (0.059 g, 0.1

equiv.) is added to a uti on of above conmpound

(0.550 mmot, 1 equiv.) a 1.1 ethyl acetate/ethano

solution (12 m et of nitrogen. The
m xture is stir un er
hours. The cat al ¥st™a

hgﬁiggen at nosphere for 36

e ¥ by filtration through a
pad of Celite. The filtrate is: ntrated, and the
resi due was purified by preparat TLC

(di chl or omet hane: acetone = 2:1) to gfv& the title
conmpound as an anor phous solid (0.121 g, 0.334 mol,
A faikffye of Gemieraak (£y.omeduioe nidro)Syn bbeis iashydfide (90.0 mL, 952 mmol) is

st.neo{a%%&)c dfuén%f égmgwnqtgyggm Regcoﬁﬁhm.;)gh@ déglzwhéenzya 32

1 ate ‘est

cycl@d(x@ﬁ)eihyl -3~ @p{(myro -pyragi2ayloxyangino)- p@qqqnyﬂ-oxqqohdlrgz pRee (31.62g,
50§trﬁrﬁo| Et;N (170.0 mL, 1220 mmol), and anhydrous DCM (450 mL) This second

(benz ony fornyl -a ng% er%at bhex %ﬁhdé)dyt h9
m'i‘tP'&u '~°n%’°§dé At Ga§eT HrogeR- Frd dedpix 5§ FRRt'p &'R™ o the
se€APIasKI@hiR-nfaiftinia G Poromdine cdmlﬁﬁ]ew ndixturd if1stibrey fcn‘|30xrammes(a4

a nitr S adde% cC

10%#{1&1’.\%&&\5 gbsa?%?)tid Mfsggf \&QE agueous H%B ?C?i% %d%xtracted with
DCM. The DCM layers are combined, dried over Na,SOy, and concentrated The crude
product is purified by flash chromatography (SiO., 50% EtOAc in hexane), which gives N-[3-
(4-benzyl-2-oxo-oxazolidin-3-yl)-2-cyclopentylmethyl-3-oxo-propyl}-N-(tetrahydro-pyran-2-
yloxy)-formamide (20.10 g, 87% yield) as an oil.

2-Cyclopentyimethyl-3-[formyl-(tetrahydro-pyran-2-yloxy}-amino]-propionic acid

N

N H
O  A-18g

N-[3-(4-Benzyl-2-oxo-oxazolidin-3-y!)-2-cyclopentylmethyl-3-oxo-propyl}-N-(tetrahydro-pyran-
2-yloxy)-formamide (3.65g, 7.96 mmol), THF (125 mL.), and water (40 mL) is cooled to 4°C.
To this mixture, is added 30% H,0, (5.2 mL., 50.90 mmole) and LiOH monohydrate (0.40 g,
9.53 mmol), respectively. The reaction mixture is stirred for 1.5 hours. The mixture is slowly
quenched with 0.5 M Na,SO3, while maintaining the temperature below 15°C with an ice
bath. The quenched mixture is stirred for an addition 30 minutes, concentrated in vacuo

until the THF solvent is removed, and washed with EtOAc. The basic reaction mixture is
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A-10 (0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748

mol, 1.1 equiv.). Usual work-up and purification
WEe@viee3o t he title conmpound. Step 2: PCT/US2007/063167

1{2-[ {f ornyl - hydr oxy- am no) - net hyl ] - hexanoyl } - pyrrofid

i ne-2-carboxylic acid ester (A-11) Pd-C (0.059 g, 0.1

equiv.) is added to a solution of above conpound

(0.550 nmmol) in a 1:1 ethyl acetate/ethanol solution

(12 nmL) under a bl anket of nitrogen. The m xture is
acidified withch mhbeditr IRH2E resire(hl + Atopbisph®r Brirfeds addigd othe g¢idid helution,
an&@\E @!)M&ﬁedhrﬁixtﬁ%@e\!ﬁgctgé( with E{OAR! 'fﬁé‘orbma@f%l%?s @orﬁ%@ HRldic

trate is concentrated, and the residue
solp@nwﬁlpnpg 8 cwbubq.de Bréﬁdé{vpv\éazsr@(:and concentrated m vacuo. This gave
2-cyeogehly aiediyes-ianel @&tab@ifepFar22-Hpxy)-am@ioyeropibréic &did {1€20g, 50%
ound. Ceneral Procedure C. Preparation of

y'e@/)r? "\j’g‘[ ne- 2- S-carboxylic acid pyridin-2- ylamde

(A-8) (XCH2, n1l1, R = 2-pyridyl) Step 1:
3~(Belﬁy(0py-fmdiyha@inyMavﬂarmwh)letpylrmewidicraeidl car boxylic

acid benzyl ester A-12 A solution of Z-prochloride
Is p(rgpa@edg‘rorrg_ Cyclqﬁ%qylmelhyb%ryhg ayld aopf (Bszd” !?ygroe(gmmﬁey desgribed

for GRAyRBediof e doragbndindd arpeiotafiedbulidiagsicrk.
2-am nopyridine (5.27 g, 56.0 mmol, 3 equiv.) in
BN S ABehA o inhing - @gﬁgg}tgiﬁmgﬁap V5 ok Bl e
concentrated. The resi oil is dissolved in et hyl
acetate and washed suc S|vely with water, 10%citric
aci d, saturated NaHCO 3, i ne. The or gani c layer

is dried over a ydroy$ % Filtered, and
concentr at ed t veot h | € conpound (4.21 g, 13.0
mol , 0 '\@

A-18h

N-[3-(4-Benzyl-2-o0x0-0xazolidin-3-yl)-2-cyclopentylmethyl-3-oxo-propyl}-N-benzyloxy-
formamide (compound A-G, where: R, = cyclopenylmethyl, PG, = benzyl).

AN N
C O
A-18i

3-(Benzyloxy-formyl-amino)-2-cyclopentylmethyl-propoinic acid

0.

Ny
oy
O A8

1-{3-Benzyloxy-formyl-amino)-2-cyclopentylinethyl-propionyl]-pyrrolidine-2-carboxylic
acid (5-fluoro-1-oxy-pyridin-2-yl)-amide

-929-



69% as an opaque solid. Step 2 :

Pyrrolidi ne-2-S-carboxylic acid (pyridin-2-yl) am de
whywrobmwom ¢ acid salt A solution of above conpOUOg2007/063167

(4.21 g, 13.0 nmol, 1 equiv.) in acetic acid (65 nlL)

at rt is treated with HBr (5.7 M 33%in acetic acid,

110 m., 649 mmol, 50 equiv.), and the mxture is

stirred at rtfor 2 hours. Charging the reaction

m xture with excess diethyl etherand cooling to 00C

for 30 m nutes gives olid which is collected by

filtration and dried acuo to afford the title

conmpound as a brownjs General Procedure D
4-R—hydroxy-pyrro$?%§{ [

cid

(5- et hyl - pyridi ne-

Otert buty

5- pi coli ne

nmol ) and N, N°dii sopropyl eth S agl )

condition foll owed by renoval of C>tert butyl W th

TFA-di chl oroethane ( 1 :1) provides the title conpound
Exhfpla2Y04Yi184r4-1- @q] Fnﬂ&l-]ﬁfd@&ﬁfddﬂlﬁo)ﬁnethyﬂ-hexanoyl} pyrrolidine-2-
- % fTuoro-pyrrolidine-2-S-carboxylic acid
ca'(bBXHEtaﬁ';S’I(5'|§5‘)‘PT°d1{’H’§’ prridip P-yArAmide The above hydroxy

conpound (2 mmol ) in nmethyl enechloride (20 nL) is

treated with N N-di ethyl am no sul phur trifluoride

(DAST; 4 mmol) at -700€. Then,F reaction mxture is

al l owed to st at rt/for 16:shours and washed with

cold ag. sodium bi cafbonatfe sgl uti on, driqﬁ

_N N =
HO |
\ +
0O o "N T
o
A-19

The title compound is prepared according to General Procedure A from 2-[(benzyloxy-
formyl-amino)-methyl]-hexanoic acid A-7 (R = n-butyl) and pyrrolidine-2-carboxylic acid
pyridin-2-ylamide A-8 (X = CHF n =1, Ry= 5-Fluoro 2-pyridyl).

4-trans-fluoro-pyrrolidine-2-carboxylic acid-{2-amine-S-fluore-pyridin-2-ylj amide

F A-19a

To a DMF solution (15 mL) of Boc-L-Pro-4-F-OH (2.5 g, 10.73 mmol, 1 equiv) Hunig's base
(Diisopropylethylamine, abbrev. DIEA) (6.73 mL, 38.61 mmol, 3.6 eq) is added and the
mixture cooled to 0°C. This is followed by the addition of 2-Amino-5-fluoro pyridine (1.44 g,
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and concentrated under reduced pressure.. It is

purified on silica gel colum chromatography to give
wORPrae@tt ed derivative which on treatnent w tPCT/US2007/063167

HBr - AcOH provi des an am no conmpound General Procedure

F: 4-S-hydroxy-pyrrolidine-1,2-dicarboxylic acid

l1-tert-butyl ester- 2-nethyl esterA-16 To a solution

of trans-4-hydroxy conpound (1mrol) , triphenyl

phosphine ( 1.5 mml) and benzoic acid (1.5 nmol) in
12-@7'5‘0&\6101 Meqiiv)l sncadaedl (4\Bg\b dizissopmapy.R equig) at 0 °C. The resulting
m%g@ Is syrre Xe%' & gfqm( Rl\gaertaﬂrf'r'%D 16 H -IT—H%:n\Sx'i_hrms) 6paﬂtrt|9tpé@' b%%/vé'ét'\ excess

O stir ours
ettgbhaotte amdsm"/emtw @dlduﬁU%Pfgﬁ@!@l @&@ds preed iite b%‘ﬂ?oa”f’éé‘i BaECOs.

dnleﬁ ggérsa%g%\f&g s v\ﬁw 8}, ifidred, ldnd icdndehfaté® OWWreEﬁuep eLrifidt Bt dlica

hi ne oxi d is re d flltr
FiePawapY CSrREAEIL & derd rdatided i Bs Ul ey = o
co(bﬁlu&esyfmt(mﬁlgaﬂ%)s treated wi th nmethanolic sodi um
met hoxi de for 2 hours at QOC to give title cis-hydroxy
. UcRI-[@ amino-5-fluoro-pyridin-2-yl] amide
4 ﬁg'[hg)ﬁ{ﬁgp %ESW{.%Q |c§{bggﬁ2 S clgr boxylic ac[?yd Vi
(hP§°ﬁ@PH?Pmﬂ§?$dlne 2- yl)-am de A-17 The fluorination
of the above cis-hydroxy proyides the trans-4-fluoro
derivative which on saponification gives the
correspondi ng acid. The anfne is prepared from
4-R-fiuoropyrrolidine- H boxylic acid tert-butyl
ester and 5-nethyl -pyridin- M&anine under HATU

A-19b

The Boc-proline-4-fluoro-pyridine amide (1 g, 3.06 mmol, 1 equiv) is treated with 4N
HCldioxane (30 mL, 120 mmol, 40 equiv) at room temperature and allowed to stir for 16 h.
The mixture is concentrated, and the residue was coevaporated with toluene 2X, and

concentrated to give a purplish pink solid (1 g).

1-{2-[(Benzyloxy-formyl-amino)-methyl]-hexanoyl}-4-trans-ﬂuoro-pyrrolidine-z-

carboxylic acid-(2-amino-5-fluoro-pyridin-2-yl}-amide

A-19¢c

To a DMF solution (10 mL) of trans—fluoro-proline-5-fluoro-aminopyridine amide HCI salt
(644 mg, 2.15 mmol, 1.2 equiv), are successively added Hunig's base (2 mi, 10.8 mmol, 5
equiv), Versiacid VRI 172 (500 mg, 1.79 mmol, 1 equiv), and HATU (818 mg, 2.15 mmol, 1.2

-31-



condition to give proline am de derivative which on
treatnment with 4 M HCI in dioxane provides the desired
wWa@PpdongoesExanpl e 1: PCT/US2007/063167
1-f 2- Cvcl opent yl net hvl - 3- (f or nvf - hvdr oxy- am no) - propi o
nvll -pyrrolidin b- 2-carboxylic acid
(5-fluoro-1-oxy-pyridin-2-yl)-amde A-18The title
compound i s prepared according to General Procedure A
from 3-
eq®H B X el @EUIBAG AR A st laDRBM L PERAtI¢ foPI6OR | THRI eixture is
acid A7 %R = c%c‘bgpent%l mgt@yl%).and - ; g
pariiened PriNeR ©e8 R PRV, ATPIPE aRd i B IPT Bih- D% P aRIHRY A B Eske
with bfiid2andnsat NaHRY,, dedFdveioarty@oysyNa,8Ql, fitered, and concentrate. The
cofipSahG !isoﬁfiﬂéc}’ty’%kg}éle!'c%foﬂrf oMby It ABMSHO BYT 887148 10V i the
ys)-am no| - pr opi oni'c acl d s p¥e ared from
titlg GampopRchasy WaiterRpwd B P hing. 7&%)-&51@3'(1 6¥e4 95 SusHyE R (504.53);
fodRbosmBAgii] - cycl opentane A sol ution of cycl opentane
nmet hanol (48.5 g, 484 mol ), Et3N (88.0 ni, 631 mol),
anhyd F [ : [ d
1 G OR BT o ek AN e fidbug R <Hiob IEY
acifrfbhpinp-§-llgprgwyyidipdesdfet’ormtidest i rri ng sol ution, while
mai ntai ni ng 100C. The m xture is stirred for an
addi tional hour at 0C, and LiBr (300.0 g, 3454 mmol)
is slowy added (gxptherm cjy. The reaction mxture is
stirred for an di tyonal hours at room
tenperature. WAt i dRa ve the salt, and
the nmixture i £t ract ¥d The Et 20 | ayers
are conbi ned, dried over and is carefully
concentrated (25 C at o A-19d

To a DCM solution of the compound (1.25 g, 2.56 mmol, 1 eq), MCPBA (1.32 g, 7.68
mmom, 3 eq) was successfully added at 0oC and the reaction was stirred for 16 h. The
reaction mixture is partitioned between NaHCO3 and the DCM layer. The organic layer is
dried over Na2S04 and concentrated. The residue is purified by silica gel chromatography
using DCM:Acetone (1:0 — 9:1) to yield the title compound (1.2 g
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100 torr). The crude product is purified by vacuum

distillation (35C at 1 torr, the desired conpound is
W@ b@7fid3¢ fraction to be collected). This gi vRGI/US2007/063167

br ononet hyl - cycl opentane (31 .4g, 40%yield) as a

colorless oil. 2-Cyclopentylmethyl-malonic acid A

sol ution of diethyl nmalonate (36.91 g, 230.4 mol),

anhydr ous net hanol (400 nL), and NaOwe (25% i n

met hanol, 49.79 g, 230.4 mmol) is stirred at reflux
Exh@ (etme|-{zqmonuvtd@lardkiytahﬁ@@nnetwtombwbywdntq%néranw"c

31.31 g '1 O mol) is added to the m xture, and
ac&qylr?zga VB9 additional 3 hours. A solution of NaOH

(23.04 g, 576.0 mml) in water (400m _) is added, and

the mxture is stirred for an additional 1 hour at

reflux. The m xtureAs cooled, diluted wth water, and

extracted with ether. The ether |ayer is discarded,

and the aqueouys layer is acidified with IN HC to

pH=1. The aque [ acted with EtOAc. The

Et OAc | ayers arelcombifned, drl over Na2SO , and

concentrat ed.  ThN N thyI mal oni ¢
acid (21.0 g, %9@6y|eld) as a e I|
2- Cycl opentyl net hyl - acr ydic aci
2-cycl opentyl met hyJ-mal oni ¢ Qcid (124. 9 g 133 7
nmol ), piperdine (15.9 m 2%60 8 mmol ), 37% aqueous
formal dehyde (51.0 m _, 64722 mmol), and Et OH (250 ni)
[ s é’tw htleexgmaoundeé preperéchaccaing fueener A Revce e AR | s
ﬂ%n‘@lyﬂ-ﬁn@x@o@ el A-7 600-HulyD aRd Kirtolidingd-3-
extractg 2 Cﬁfﬁﬁ 8Ih§HEtOA F{a ers are conbi ned,
caghordig ag BWHR% IS 1 neeht rat' WVer ude product
is purified by flash chromatography (S|C2 10% acet one
In Example 4: 1-{2-[(Formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-

carboxylic acid pyridazin-3-ylamide

oqkr/ﬁ
N N N
HO/ N/ ’
o
0 N
H

A-21
The title compound is prepared according to General Procedure A from 2-{[formyl-
(tetrahydro-pyran-2-yloxy)-amino}-methyl}-hexanoic acid A-7 (R=n-butyl) and
pyrrolidine-2-carboxylic acid pyridazin-3-amide A-8 (X = CHy, n = 1, Ry = 3-pyridazinyl).

Step 1: Pyridazin-3-ylamine

-33.



DCM, which gives 2-cycl opentyl nethyl-acry!ic acid
(17. 659, 86%yield) as an oil
wa2@enaesle 3- (2- cycl opent yl met hyl - acryl oyl ) - oxap@I/U810n7/@3167
-one 2-Cycl opentyl nethyl-acrylic acid (17.65 g, 114.5
mmol ) is dissolved in anhydrous THF (200 nL) and
cooled to -780C under nitrogen.
N, N-Di i sopropyl ethylamne (25.9 nL, 148.7 mmol) and
trinmethylacetyl chloride (14.1 ni, 114.5 nmmol) are
Toakdeito rCaBS B t-2-sdiny-paidiazine (¢4 @) and NeOtitratvderhe, 1.4 g) in ethanol

(1§O m u{ﬂa/t H&l& é& § gﬁ% Q@%dbgké’%ct@%‘&t@r@% s'hhé’& urQi%tSHydrct)gen78C

e mxtureis stirred
atrﬁ@ph@@ foril 6 m s filterefl treugh gelitg anste eaisBY wasHPRCGNYRted The
rezhuﬁi’flﬁ fosidd@ @ t@Qaleadiith 3G:Kr 1 Qidk GhekRASKR arhifo BorBiRad.at e

| ask, (S)-(-)-4-benzyl-2-oxazolidinone (20.30 g,
114 6 Mol e) is dissolved in anhydrous THF (400 nlL)
Stem2t x(Bgtidatin-dylcida@montteyrelidinetiearbopliciacid tem iy s ter

m., 114.5 mmole) is sIo dded at -78C, and the
mxture is stlrre mjnut room tenperture,
The resulting anion is sI W%a sferred via a
cannula into the origi%hal vessel . The m xture

S MImmdtovanu)mﬂmtrmaau%g and is stirred
overni ght at roomtenperature (16 AT s). The reaction
Tana sdiutive of Bocre-@thé equiv it DCM KIaCBshosarcRdagendxt.i gauigds added

an\éntﬁeﬂ' E& %lxtu-w\ﬁa sogtgr@@ 5{30"&: Wq h ST@(h% ROBhOh MRS hﬁﬁmdme is
dried over and concentr at

adged, @ng, GRaIASIPTDMXU S Lt 9L PR P 11 ' | by s then

cohtenthte€ by Qﬁ‘ﬂt/é) gl agidtjes(4Bid Cediss208d Bt «ReessiOTNeXhaelgatio layer is

wa%hvce wq'h S&J/?» nc %0&12 gyecgr%oﬁgg%%) mahw L\%‘F Néb@&ﬂh )and concentrated.

OvaO as an oil.
Thesewztgms I®Mc§/ ewf s@ RY i Wﬁwat@fap@t/ L8Ry AP 5-48/t i 3relgie in
heXavies i grofl @ @MY bdmpound. HPLC: YMC-Pak Pro C18, S-3 fim, 120A 50 X 4.6

mm 1.D. Column; gradient eluent 0% - 90% MeCN over 8.5 min, 1.5 mL/min; Retention time
=4.14 min.

ES-MS: calcd. for C14H20N403 (292); found 293 [M+H].

Step 2: Pyrrolidine-2-carboxylic acid pyridazin-3-ylamide

(*HCY)
I
A
H

HPLC: YMC-Pak Pro C18, $-3 [Im, 120A, 50 x 4.6 mm i.D. Column; gradient etuent 0% -
90% MeCN over 8.5 min, 1.5 mL/min; Retention time = 2.398 min.
ES-MS: calcd. for CgHq2N4O (192.1); found 193.2 [M+H].

Step 3 1-(2-{[Formyl~(tetrahydro-pyran-2-yloxy)-amino]-methyl}-hexanoyl)-

pyrrolidine-2-carboxylic acid pyridazin-3-ylamide
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oxazol i di n- 2- one
4- Benzyl - 3- (2- cycl opent yl met hyl - acryl oyl ) - oxazol i di n-2

WO 209e/166620 90 g, 73.1 mmol) and O PCT/US2007/063167
(tetrahydro-2/-/-pyran-2-yl)-hydroxyl am ne (34.24 g,
292.3 mmol ) is conbined at stirred at 45C for 48 hours
under nitrogen. The crude product is purified by flash
chromat ography (SiO 2, 0 ri 30% Et OAc i n hexane), which
gi ves 4-benzyl - 3-[ 2-cycl opent yl net hyl - 3-
(tetrahydro-pyran-2-yl oxyan no) - propi ony| ] - oxazol i di n-
2-one (21.65g, i%id) s an oil.
W[ 3- (4-Benzyl -2-0 o-6§a lidin-3-yl)-2-cycl opentyl net
hyl - 3- oxo- propyh}: K

(tetrahydropyran-2-y@0oXx or gamideA yi xture of formc
acid (45.0 nL, 1193 mmol) afid agetig”aghydride (90.0
nm., 952 mol) is stirred ato 5004 f ome hour under

Hd Wt

Q

nitrogen. A second flask is charg d\\ h

4- benzyl - 3-[ 2-
The yitd oppEmouyd wprdigraragt yrdet HAHY donslitiy ea desrihaddn ganard @yacpgure
A, 0pionyl]-oxazolidin-2-one (21.62g, 50.2 nmol), Et3N

170.0 nl, 1220 pmol), d. anhydr o 450, . o
P MG B0 9 o s GO Y G R e Blen: 20%
g0aMedhevenB ¥ edn,a & rdlisdl;, Refeotivnitismes] H§ESmiadded to t he

S8E0 K b | @4 8hH1244B e 100C.  The conbi ned
Esﬁﬁétﬁg%{hgégﬁﬁﬁggﬁ ?@? 30 ni%utés at 100C, quenched

wi th saturated, washed wi th aqueous NaHCO3 sol uti on,
E xaingiecx t 1-Ratyeth panty mdBhi 3-(Tdrew DM rbayranmoppropowb i hludro-

bliGife 9 AN & PRSP RhSYn)-akhige T ude product

PY?’S"‘%S‘F ?f@ébgﬁé%%aghn%ﬁr omafg%r' aph&r )(aSi (i, 50% Et QAc
i n hexane), which gives /-[3-
(4- ben2yl - 2- oxo- oxazol i di
- 0xo- propyl ]-A/ -(tetrahy

(20.10 g, 87@6y|T2g) a

A-22

The title compound is prepared according to General Procedure A from 2~
cyclopentylmethyl-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino]-propionic acid and and
pyrrolidine-2-carboxylic acid pyridin-2-ylamide A-8 (X = CHF, n= 1, R, = 5-Fluoro 2-

pyridyl).

1-{2-Cyclopentylmethyl-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino}-propionyl}-4-fluoro-
pyrrolidine-2-carboxylic acid (5-fluore-1-oxy-pyridin-2-yh)-amide
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2-Cycl opentyl net hyl -3-[fortny(-(tetrahydro-pyran-2-ylo
Xy) - am no] - propi oni ¢ aci d

wWQ.200304640 Benzyl - 2- oxo- oxazol i di n- 3-yl ) - 2- cyc| PEEES200T1e63167
t hyl - 3- oxo- propyl ] - W (t et rahydro- pyran-
2-yl oxy)-formam de (3.65g, 7.96 mmol ), THF (125 ni),
and water (40 nL) is cooled to 4C. To this mxture, is
added 30% H2Q2 (5.2 nL, 50.90 mml e) and Li OH
nonohydrate (0.40 g, 9.53 mmol ), respectively. The
reaction mxture is stir for 1.5 hours. The m xture
is slowy gquenched with M Na2S03, while
mai nt ai ni ng t e low 150C with an ice
bat h. The quengh siAried for an addition
30 minutes, conBenfratedlin yac ntil the THF
solvent is renoved, and wasfeajwi th . The basic
reaction mxture isacidified with Arberfite IR 120
resin (H+) to pH = 4.5. Brine is added to the acidic
solution, and the conbined m xture is extracted with

Exﬁh%“s 1T[E-Q2y@fogaﬁr|lrﬁeth91}'£ﬁsmfyl -BydrbhearainbiipepolyHpyoalidine-2-

re _co ed drled over NaaSq 4, and
ca@ﬁﬁﬂ&?%“g?yélﬁjaf Ht&v’g ® This gave

2-cycl opent yl net hyl - 3 [fornyl - (tetrahydro-pyran-2-yl ox
y)-am no] - propionic acid 2Qg, 50%yield) as an oil
3- (Benzyl oxy-fornyl -am no cycl opent yl nmet hyl - propoi n
ic acid I's prepared%ra opentyl met hyl -acrylic
acid and O benzyl | hydr ¢xam ne a§ desgribed for the
synthesis of the g ' T pr it ect ed

bui | di ng bl ockio” > Y {
4- Benzyl - 3- (3- benzyl oxya
i onyl ) - oxazol i di n- 2- oue 0
L"3- (4- Benzyl - 2- oxo- oxazol i di n- 3- yI) 2-cycl opentyl nett
ayl - 3- oxo- propyl ] -/ V-benzyAggyf or mam de (conpound A-G
where: R = cyclopenylnettayl, PG = benzyl).

Ho\ /N
ﬁ 0 tylinethyl-prop

The title compound is prepared according to General Procedure A from 2-
cyclobutylmethyl~3-[formyl-(tetrahydro-pyran-Q-yloxy)-amino]-propionic acid A-7
(R=cyclobutylmethyl) and pyrrolidine-2-carboxylic acid pyridazin-2-amide A-8 (X =CH,, n =
1, Ry = 3-pyridazinyt).
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- Benzyl oxy-fornyl -am no”-cycl opentyl met hyl - propoi ni c
acid
WO 2¢034BeMr Y| oXy- f or nyl - am no) - 2- cycl opent yUnet PgI/UR00p063167
onyl ]-pyrrolidiue-2-carboxyUc acid
(5~fluoro-I-oxy-pyridin-2-yl)-am deExanpl e 2:
4-Fluoro-1-{2-1(formyl-1Iiydroxv-aini no)-nethgn-hexanov
U pvrrolidi ne-2- carboxylic acid
(S—fl uoro-1 -oxy-pyridin-2-yl)-am de A-19 The title
b ‘?U RQz@&B@@ﬁ&&le@q&QWI-mr&@ 42RIAG)-Hopidh PIF PRSI RIirfd-2-
{bénzy - am no) - et hyl ] - hexanoi c aci d
caUQmFV'("F?c‘d '?Y’b’u'?' P ¥'H§Pd pyrrolidine-2-carboxylic acid
pyri di n- 2- ylamde A-8 (X =CHF n =1, Rl= 5-Fluoro
2-pyridyl). 4-/r"ns-fluaro-pyrrolidine-2-carboxyKc
aci d-f2-am no-5-{l uoro idin-2-ylJ am de To a DW
solution (15 ng) of Bog-t-Pro-4-F-CH (2.5 g, 10.73
nmol , 1 equi V) 's/ base i i sopropyl et hyl am ne,
abbrev D EA) (6 , 38/[61 I, 3.6 eq) is added
and the m xture ooleto This is foll owed by the
addi tion of ZygM Me~5- Fhuor o rieine (1.44 g,12.87
mmol, 1.2 equiv), and TU (4. { ol , 1.2
equi v) at Q0C. The resﬁltlng xturells stlrred at
roomtenperature for 16 h. The m xt ud partitioned
bet ween excess ethyl acetate and 10%citric acid. The
organic |ayer is washed wighgbrine and sat. NaHCGS,
dri ege ﬂﬁé%@mﬁ&“@&é’&ar&%&@ﬂm td d_-‘;ér%f‘aﬂ? érocédwe A from 2-

trate |
creinn bR BTy (At E e r Ry i rablopt gois 5 9
(Rgdiwiﬁb(ithﬁ'emvw hred [onivinerdcasoxpicaol pyiagio $-ayda 8% 5}@ n=1,

4 frans-fluoro-pyrrolidine-2-carboxylic
Ri ]Z/SC?”TZE}\y&m no-5-fluoro-pyridin-2-yl] am de

Example 8: 1-[2-Cyclopentylmethyl-3-(formyl-hydroxy-amino)-propionyl]-pyrrolidine-

2-carboxylic acid pyrazin-2-ylamide

A-25

The title compound is prepared according to General Procedure A from 2-
cyclopentylmethyl-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino]-propionic acid A-7
(R=cyclopentylmethyl) and pyrrolidine-2-carboxylic acid pyrazin-2-amide A-8 (X = CHz, n =
1, Ry = 2-pyrazinyl).
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(hydrochloric acid salt) A-19b The

Boc- proline-4-ftuoro-pyridine amde ( 1 g, 3.06 nmmol,
wWa2@qaoesy0 i s treated with 4N HCl / di oxane (30 neCT/WUM07/063167

mol, 40 equiv) at roomtenperature and allowed to

stir for 16 h. The m xture is concentrated, and the

resi due was coevaporated with toluene 2X, and

concentrated to give a purplish pink solid ( 1 qg).

1-{2-[ (Benzyl oxy-fornyl - am no) - nnet hyl ] - hexanoyl }-4-fr

ief o] URE Qo RV LAt eb BhiSiy drox - Yd ll-hexanoyl}-pyrrolidine-2-

%eggn()%{ @#ff’ﬁ%ﬁg‘-y %rﬁ( ?gfnn - yeltu)w-]am de y9}cpyTo a DWF
carhsixyliq a5id pyrezipRyylaspide

trans-fluoro-proline-5-fluoro-am nopyridi ne am de HCI

salt (644 ng, 2.15 mol, 1.2 equiv), are successively

added Hunig's base (2 nL, /0.8 mmuol, 5 equiv),

Versiacid VRI 172 (500 , 1.79 mmol, 1 equiv), and

HATU (818 ng, 2.15 mmol, |1.2equiy) at QOC. The

resulting m xtupe isHstifred at sroom tenperature for

16 h. The m xture~s pgrtiti poneg between excess et hyl

acetate and 10%citric Jacid, The orgagic layer is

washed wi th brjge Na ,/Eu over

anhydr ous Na2SO4, ang congcentflate. The

conpound is purified by s®li el [ tography in

DCM Acetone (1:0 - 86:14) t& givﬁ theNtitle compound

as a white powder (630 ny, 72% . ES-Ms: calcd. for

C25H30F2N 6 (504.53); fousdé 505.4 f M-H|

| - { Ihé (iBerompbendys preparpd aceatding)e Feegl Prech@wandipm - 4-/ r
2-((!!)&:\'2&!1»&/9&917%iﬁ&lméjh)ﬁ]%zarﬁ)%rab@)@ﬁ {F= n-butyl) and pyrrolidine-2-

carboxylic acid pyrazin-2-amide A-8 (X =CHF, n=1,R;= 2-pyrazinyl).

Example 10: 1-[2-Cyc|OpentyImethyl-3-(formyl-hydroxy-amino)-propionyl]-4-f;uoro-
pyrrolidine-2-carboxylic acid pyrazin-2-ylamide

A-27

The title compound is prepared according to General Procedure A from 2-
cyclopentylmethyl-S-(formyI-hydroxy-amino)-propionicacid A-7 (R=cyclopentyl methyl)
and pyrrolidine-2-carboxylic acid pyrazin-2-amide A-8 (X = CHF, n = 1, Ry = 2-pyrazinyl).

-38-



aci d~(2-am no-5-fl uoi O pyridi n- N-oxi de-2-yl)-ainide To
a DCM sol ution of the conmpound ( 1 .25 g, 2.56 mmol, 1
w@eo7/106RBA ( 1.32 g, 7.68 nmmom 3 eq) was SUCPEBES29001/§63167
added at OoC and the reaction was stirred for 16 h.
The reaction mxture is partitioned between NaHCO3 and
the DCM | ayer. The organic |ayer is dried over Na2SO4
and concentrated. The residue is purified by silica
gel chromat ography using DCM Acetone ( 1:0 - 9:1 ) to
Exé/a‘hﬁbd‘l.{ E@Z-tQ&I})&.I{]tsildmmwuﬂdfofmﬁlrfﬁ/dgﬁﬁaﬁphcﬁ-;ﬁ*opiomlﬂ]-tt-ﬂuoro- |
-{2- or nnvl - hvdr oxv- a| -met hvl | - hexanovl >-pvrro
PYSTf 'ée-'é%rg%’é%ﬂq‘icp yér\%ﬁmdil f&g%ei n-2-yl am de The title
conmpound i s prepared-according to General Procedure A
from 2-[ (bbnzyi oxy-fo | - am no) - net hyl ] - hexanoi ¢ aci d
A-7 (R=n-butyl) and p ol i di ne-2- carboxylic acid
pyrazi n-2-anm de A-8 £ CH, n =1, Rl= 2-pyazinyl).
Exanpl e 4: F
1- (2-f (For mvI - hydr®kv- arji
di ne-2- carbaxyligyacidfpyri
title conpound S prepar -
Procedure A from 2-{[form
(t et rahydr o- pyr 8n- 2- yl oxyg- ami po] - W} - hexanoi c
acid A-7 (R=n-butyl) and pyr&p(idﬂne-Z-carboxyiic acid
pyridazin-3-amde A-8 (X CH2, n =1, Rl=
3-pyridazinyl). Step 1: Py8azin-3-ylamneTo a
solution of 6-chloro-2-am no-pyridiazine (4 g) and
NaO'rK@Sm@,fés&e&ndls e Shked Rc6iGROEeredd Orotbure ALORO2PA/ C
(0.6 g) is adde?. hg reacgl?n m xt ure Ls.sthg£¢d
cygwmmﬁpéﬁmh tetrahydro-pyran-2-y! Qxy)-ammo propichicac

(R=cyclobutyl methyl) and pyrrolidine-2-carboxylic acid pyrazin-2-amide A-8 (X = CHF, n=

_"ﬁvl 1- hexanovl } - pvrroli

1, Ry = 2-pyrazinyl).

2~Cyclobutylmethyl-s-[formyl-(tetrahydro-pyran-2~yloxy)—amino]-propionio acid is prepared
from 2-cyclobutylmethyl malonic acid as described for the synthesis of the cotresponding

cyclopentylmethyl derivative in Example 1.

2-Cyclobutylmethyl-malonic acid

H OH
O O A28

The title compound is prepared from (bromomethyl)cyclobutane

2-Cyclobutylmethyl-acrylic acid
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atnosphere for 16 h. It is filtered through celite and

the sol vent was concentrated. The resulting residue is
W@ eoovo@red with ether to provide the known anP@DUS2007/063167

conpound. Step 2:

2- (Pyridazi n- 3-yl carbanoyl ) - pyrrol i di ne-1-carboxylic

acid terf-butyl ester To a solution of Boc-Pro-OH ( 1

equiv) in DCM at OOC, Ghosez Reagent (1.1 equiv) is

added and the reaction mxture was stirred at QOC for

1lh. To this the am ne .1 equiv) in pyridine is added

and the reaction m xt is stirred at room

tenperature for 16 h. i is then concentrated to

remove all volatiles ang regljssolved in excess DCM

The organic |ayer is Shgd wth 10% Citric acid,

Bri ne and NaHCO , dried o®er NaB8O4 and concentrat ed.

The resulting residue is purified by flash

chr onmt, ( [0 -A0%; bafcetate i n hexanes
4“%‘*8"@ gg(\% %gé%\él#ﬂ){ﬂ gc%g)rlrdp) gﬂt%g."ﬁw_c@wc— Pak Pro C18,

S-3 Un, 120A, 50 x 4.6 mm |.D. Columm; gradient

el uent 0% - 90% Me over 8.5 mn, 1.5 nL/mn;

Retention tine =4.1 nK%§2§p-NB: cal cd. for Cl14H20N C3

{
[

(292); found 293 [ Mt 2:

Pyrrolidi ne-2-carbo Ci d pyridazin-3-ylam de
HPLC. YMC- Pak Pro C18, oS- 3~y 20A, 50 x 4.6 mm1.D
Col umm; gradi ent eluent 0% 90%MeCN over 8.5 min, 1.5
mL/min; Retention tinme = 2.398 ni28ES-MS: cal cd. for
COH 2N4O (192.1); found 193.2 [MH]. Step 3 :

4-Benk@- 3 2Fgewylity(ni @byl 3hyedraby drprynan2-ylosyap)inarmropipayiet hy|

oxbzohGRALLQY ! ) -
Q\)iﬁ’j '
O <\<::)

N-{3-(4-Benzyl-2-oxo-oxazolidin-3-yl)-2-cyclobutylmethyl-3-oxo-propyl]-N-(tetrahydro-

A-28d

pyran-2-yloxy)-formamide

SJX
oa 2

A-28e

2-Cyclobutylmethyl-3-[formyl-(tetrahydro-pyran-z-yloxy)-amino]-propionic acid
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pyrrolidine-2-carboxylic acid pyridazin-3-ylam deThe

title conpound is prerepared under HATU condition as
waele®enodsed i n general procedure A . HPLC YMC- RaEKUSR007/063167

C18, S-3 Un, 120A, 50 x 4.6 mm|.D. Colum; gradient

el uent 20% - 90% MeCN over 8.5 mn, 1.5 m/mn;

Retention time = 3.655 mn. ES-Ms: calcd. for

C22H33N5(6 (447); found 448 [M+H . Exanpl e 5:

1-f 2- Cvcl opent vl net hvl - 3-f f or nvl - hvdr oxv- am no) - propi o

nvn-4-fl uoropyrroiidine- 2-carboxylic acid

(5-fiuoro-1-oxy-pyridin-2 )-am de A-22 The title

compound i s prepare GQ%rd ng to Ceneral Procedure
Af rom 2-
¢

cycl opentyl met hyl - 3= ??ahydro pyr an- 2-yl oxy)
-am no] -propionic acid and an A-28f
pyrroI|d|ne 2-carboxylic acid pyridin-2-ylam de A-8 (X
CHF, n=1, R - 5-Fluoro 2- pyridyl).
I-{2 Cycl opentyl net hyl -3-[fornyl - (tetrahydro-pyran-2-y
| oxy) - am no) - propi onyl }-4-fl uoi Op gurolldlne
1-R-Cacionyliviethyadfgrmyl-(tetrahydro-pyran- -yloxy}-amino]-propionyl}-4-
ol oRWic! ddidpyadih-p-yamiige Exanpl e 6:
"‘i‘%ﬁ’@%ﬂ'&%ﬂ?ﬁ"m@hw ds:m(@f or rT?/’I - hvdroxv-arnirto)-propi
onvp-pvrrolidine-2- carbo ic acid
pyridazin-S-yIanide The tijtlle €onpound is prepared

according to Gep€raPNprogédure\ A fiyom 2-
cycl obut yl net hy 0 rggiu o pyr an- 2-yl oxy) -
|

am noj - proplonlcchC| A-7 [ R=qyc yl met hyl ) and
pyrrolidi ne-2-carboxylic i g7 Piri a2|%82 am de A-8 (X
= CH2, n

Example 12: 1 [2-Cyclobutylmethyl-3-(formyl-hyd roxy-amino)-propionyl]-4-fluoro-

pyrrolidine-2-carboxylic acid pyrimidin-4-ylamide

The title compound is prepared according to General Procedure A from 2-
cyclobutylmethyI-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino]-propioniclacid A7
(R=cyclobutyl methyl) and pyrrolidine-2-carboxylic acid pyrimadin-4-amide A-8 (X = CHF, n
=1, Ry = 2-pyrimidinyl).
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1, R1= 3-pyrida2inyl).Exanple 7:
1-f 2-Cvctobut vl net hvl - 3- (for f nvl - hvdr oxv- am no)
w@e@piaqnyd | - pyrrolidi ne-2- carboxylic acid PCT/US2007/063167

pyrazin-2-yl am de A-24 The title conpound is prepared
according to General Procedure A from 2-
cycl obut yl net hyl - S-1 f or nyl At et r ahydr o- pyran”-yl oxyJ-am
i nol - propionic acid A-7 (R=cycl obutyl nethyl) and

yrrol i di ne-2-carboxylic acid pyrazin-2-amde A-8 (X =

@mrgé &, 1-%(@&%0@?&8%&1?&%&{ fn)yl hmgpLrﬁm%)—propmnyl]—tt-ﬂuoro-

poratiginelyearonyliaatid oyridazispt-wawidepvr r ol i di ne-
2-carboxylic acid pyrazin-2-ylamde A-25 The title
conmpound i s prepared according to General Procedure A
from 2-
cycl opentyl net hyl -3-tfor - (t et ahydr o- pyr an- 2-yl oxy)
-am noJ - propi onpc acid A-7 (R-c,ilcl opentyl net hyl ) and
pyrrolidine-2- caMyoxyl ifc aC| razin 2-amde A-8 (X =
CH2, n 1, Rl= 2- p razi
4- Fl uoro- 1- ( 2-
-pvrrolidine-2- car boxyl [
The title conpound is prepared
Procedure A from o H
2-{(benzyl oxy-fornyl - am no),- thyI ]-hexanG ¢ acid A-7
(R= n-butyl) and pyrrolidi ﬁ\e 2-

pyr 'n¢ -yI am de A-26
rdi g to General

The title compound is prepared according to General Procedure A from 2~
cyclobutylmethyl-3-[formy%-(tetrahydro-pyran-2-y!oxy)—amino]-propionicl acid A-7
(R=cyclobutyl methyl) and pyrrolidine-2-carboxylic acid pyridazin-3-amide A-8 (X = CHF, n=
1, Ry = 3-pyridazinyl).

(2S,4R)-tert-butyl 4-fluoro-2-(pyridazin-3-ylcarb amoyl)pyrrolidine-1-carboxylate

Boc—N/i jitj
I
o) ﬁ X

To a solution of Boc-Pro(F)-OH (5 g, 21.46 mmol, 1 equiv,) in DCM at 0°C, Ghosez Reagent (3.1 m],

23.61 mmol, 1.1 equiv) is added and the reaction mixture was stirred at 0°C for 1h. To this the amine

A-30a

(2.65 g, 27.9 mmol, 1.3 equiv) in Pyridine is added at 0°Cand the reaction mixture is stirred at room
temperature for 16 h. It is then concentrated to remove all volatiles and redissolved in excess DCM.
The organic layer is washed with 10% Citric acid, NaCl(sat) and NaHCOs(sat), dried over Na,SO4

and concentrated. The resulting residue is purified by flash chromatography using 10-15% Acetone

inDichloromethane to provide the title compound.

(28,4R)-4-fluoro-N-(pyridazin-3-yD)pyrrolidine-2-carboxamide
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carboxylic acid pyrazin-2-anmide A-8 (X = CHF, n =1,
Rl1= 2-pyrazinyl). Exanple 10:

W@ 260246t opbnt vl met hvl - 3- (f or mvl - hvdr oxv- am nB)F/PE907/063167
rionvn-4-fluoropyrrolidine- 2-carboxylic acid
pyrazin-2-ylam de The title conpound is prepared
according to General Procedure A from 2-
cycl opent yl met hyl - 3- (f or myl - hydr oxy- am no) - pro
rionicacid A-7 (R=cycl opentyl nethyl) and
pyrrolidine-2-carboxylic acid pyrazin-2-amde A-8 (X =
CHF, n =1, R = Zwpgnazinyl). Exanple 11:
1-r2-CNcIobutvInetth-§ (f9rmv| - hydr oxv-am no) - pr opi on
vl | -4-fluoropyrrolidi ne-~2- ylic acid
pyrazi n-2-yl am de A-28 The Eﬁ%i%fconpound IS prepared
according to General PrasCeudr from?2
cyclobutylnethyl-3-[fornythtetraHVﬂPb-pyran-Z-yloxy)-
am no] -propionic acid A-7 (R=cycl obutyl nethyl) and

THRYoE-frbleédnerid iaaeDmioyM BCIMBsxancpyd b ferptith iaptingeatie® (X =
CHr, n = 1R = 2-pDyrazi Lk X -esidue is triturated with

et o e T T TSt Py e it

ether IPVvAGE iy @ppondsc acid is prepared from
2-cycl obutyl nmet hyl mal onic acid as described for the

(zgmﬁhQ?Rﬁs@_ﬁmbhﬁylwﬂnfe&psm,dlkmgllﬂpydneﬁlr:ent yl fet hl):l .

erjpvative. | el . off piC

L L D R s e

cq{rboxamidet hyl ) cycl obut ane 2- Cycl obutyl nmet hyl -acrylic
aci d4- BenzyJ- 3- (2- cycl obut yl net hyl -acryl oyl ) - oxazol rd

n- 2- one (jiiz\o
AN F
o) N é;i?
o/
N ¢N
° fo) NLJ
H

To a cold DMF solution {15 mL) of the Versiacid, (500 mg, 1.77 mmol, 1 equiv), DIEA (1.7 ml, 9.72
mmol, 5.5 equiv), Amine.HCI salt (550 mg, 1.943 mmol, 1.1 equiv) and HATU (739 mg, 1.943

A-30c

mmol, 1.2 equiv) are added. The resulting reaction mixture is stirred for 16h at room temperature.
The mixture is partitioned between excess ethyl acetate and 10% citric acid. The organic layer is
washed with sat. NaCl and sat. NaHCOs, dried over anhydrous Na,S0,, filtered, and concentrated.
The residue is purified by silica gel chromatography using 10 —25% Acetone in DCM to give the title
compound (53%).
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4- Benzyl - 3-[ 2-cycl obut yl net hyl - 3- (t et rahydr o- pyran-2-y
| oxyam no) - pr opi onyl ] - oxazoUdi n- 2- one
WO W0[/304646 Benzyl - 2- oxo- oxazol i di n- 3-yl ) - 2- cyct PGUUYI00E063167

hyl - 3- oxo- propyl ] -/ V-(tetrahydropyran-

2-yl oxy) - formam de

2- Cycl obutyl et hyl - 3-[fornyl - (tetrahydro-pyran-2-yl oxy

) - am noJ - pr opi oni ¢

aci d1-{2- Cycl obut yl met hyl -3-[fornyl - (tetrahydro- pyran-

2-ylo -am nol - propi -4 RS ; . "
Exapur G 2T RARBh A0St nyaroxy-amino)-propiony-fluore,
pylorofistiapidtaartigxylic acid (2-oxy-pyridazin-3-yl)-amide

1-f 2- Cvcl obut vl net hvl - 3- (f or nvl - hydr oxv- am no) - pr opi on

vn- 4-fl uoropyrrolidine- 2-carboxyllc acid

pyrimdin-4-ylam de The ti cgnpound i s prepared

according to GeneraJoPro e A from 2-

cycl obut yl net hyl - 3=~

fornyl-{tetrahydr | oxy) - apgho3y pr o
rioniclacid A (R= .Jﬁy ) a
pyrrolidi ne-2-carboxylic facid pyri tN-4-am de A-8 (X

= CHF, n =1, Rl= 2-pyrinm@din ~Rxanplie 13:

1-f 2- Cvcl obut vl met hvl - 3- (f or /I - h¥'dr oxye ami no) - pr opi on
v p-4-fluoropyrrolidine- 2-carboxylic acid

pyridazi n-3-yl ami de A-30 TRk itle conmpound is
prepared according to General Procedure A from 2-

cycl obut yl net hyl - S-tf ornyHt et r ahydr o- pyr an-

-yl oxyJ-am noJ-propionicl acid A-7 (R=cycl obutyl

et | 585 ¥ldc6diA6 b grom 2-
AN S S g donz.
Cgclp?qtylmnyﬁrg}ﬂjqrmyk(tetrahydro-pyran-i-yloxy -amino]-propionic acid A-
(R=cyclobutyl methyl) and pyrrolidine-2-carboxylic acid pyridazin-1-oxo-3-amide A-B(X=

CHEF, n = 1, R = 3-pyridazinyl N-oxide).

6—((2S,4R)-1-(tert~butoxycarbonyl)—4-ﬂuoropyrrolidine~2-carboxamido)pyridazine

1-oxide

0" A-31c

To a solution of Boc-Pro(F)-OH (2.047 g, 8.154 mmol, 1 equiv,) in DCM at 0°C, Ghosez
Reagent (1.2 mi, 8.97 mmol, 1.1 equiv} is added and the reaction mixture is stirred at 0°C for
1h. To this the amine (1.27 g, 11.42 mmol, 1.4 equiv) in Pyridine is added at 0°C and the
reaction mixture is stirred at room temperature for 16 h. Itis then concentrated to remove all
volatiles and the residue is dissolved in excess DCM. The organic layer is washed with 10%
Citric acid, NaCl (sat) and NaHCO3(sat), dried over Na,S04 and concentrated. The resuilting
residue is purified by flash chromatography using 2-15% Acetone in Dichloromethane to

provide the title compound (61%}).
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(2S,4R)-tert-butyl 4-jfluoro-2-(pyridazin-3-yl car banoyl

)pyrrolidine-I-carboxylate To a sol ution of
wBowPe@(F) - OH (5 g, 21.46 mol, 1 equiv,) in BOVUS1007/063167

O0C, Ghosez Reagent (3.1 m, 23.6 1mmol, 1.1 equiv) is

added and the reaction mxture was stirred at OOC for

1h. To this the amne (2.65 g, 27.9 mol, 1.3 equivVv)

in Pyridine is added at 0Cand the reaction mxture is

stirred at roomtenperature for 16 h. It is then

concentrated to renove all volatiles and redissol ved

in excess DCM The organic |ayer is washed with 10%

Ctric acid, NaC (sat) and, Na sat dri ed over Na
6- M B d lvespy satidigeégar ?’ff’é‘“fl%?gﬁllé"iz{ﬁ'éq'r‘)égiedue i s

purified by flash chromat ography using 10-15% Acet one

i nDi chl or onet hane t{tH@hovitle the title conpound.

(2S, 4R) - 4-f | uor o- N- (pyrfidazi n-3-yl) pyrrolidi ne-2-carbo

xam deThe Boc- protect &8 _a 'd//'s taken into 4M

HCl / Di oxane and die reacfion’isjjstirred at room

tenperature for 5 h. T pN are renoved under

reduced pressure and the rigsidue is triturated with

ether to give the title conpo®hdsA-31d

T &e_zlgqﬁp@téc](éé a(n%c@ is Gy Gl ORI DRsx b dnl BRtrE RN Srirddd-apiob

teytlpenatpyef for it Al dolptites dig reovesksad Sy ryside i3 WFAS TSRy (Ve

i N-3-yl rolidine-2- carboxam de To a cold DV
mggpﬁg%%%e%%S m.) of the Versiacid, (500 ng, 1.77 mmol,
1 equiv), DIEA (1.7 nl, 9.72 mml, 5.5 equiv),
6 AFNRY. RS Bl c l6BRA-20@N- (bt drorDpyradl2 1 equi v) and '
xeZ o%gathyl)p%ﬂ%omLﬂuoﬂop?rrﬁﬂiliﬂc\&)—caﬂfoaataidd)&pdrida'ﬂme 1-oxide
resulting reaction mxture is stirred for 16h at room

tenperature. The m xture is partitioned between excess
ethyl acetate zﬁ?:&O%%citri cig. The organic |ayer
is S
07 N\~
“
o > N
0”7 N7 W
H
o

A-31e

To a cold DMF solution (20 mL) of the Versiacid, (571 mg, 2 mmol, 1 equiv), DIEA (2.51 m|,
14.4 mmol, 6 equiv), Amine.HCI salt (718 mg, 2.4 mmol, 1.2 equiv) and HATU (913 mg, 2.4
mmol, 1.2 equiv) are added. The resulting reaction mixture is stirred for 16h at room
temperature. The mixture is partitioned between excess ethyl acetate and 10% citric acid.
The organic layer is washed with sat. NaCl and sat. NaHCO,, dried over anhydrous Na;SOy,
filtered, and concentrated. The residue is purified by silica gel chromatography using 10 —
20% Acetone in DCM and then using 2 — 8% methanol in DCM to give the title compound

(44%). TH NMR (DMSO-dg):
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washed with sat. NaC and sat. NaHCO 3, dried over
anhydrous Na2SO4, filtered, and concentrated. The

wo ewrdus70 s purified by silica gel chronatogr aptyUSE0TE3167
10 - 25% Acetone in DCMto give the title conpound
(53% . Exanpl e 14: 1-f2-Cycl obutyl net hvl - 3-(f
or nyl - hydr oxy-am noV propionyl|-4-f [uoropyrrolidine-
2-carboxylic acid (2-oxy-pyridazin-3-yl)-anm de The
title conpound is prepared according to Ceneral

EF> D l%qlér (;1‘-[@ C&%tgpl%yip}ethryi-?, |-T(° 'P)P'hﬁ' -ammog r?;\'opx?rggyti-ﬁuoro-
PMUPUCBFQ)&CWEY‘MC& m{fma{’RﬁW'ébutyl met hyl ) and
pyrrolidi ne-2-carboxylic acid pyridazin-1-oxo-3-am de
A-8 (X = CHF1In = 1, R = 3-pyridazinyl N-oxide).
6-((2S/4R) -1 -(tert-but oxygarbonyl)-4-fluoropyrrolidine
- 2- car boxam do) pyri d82| ne ¢i de To a sol ution of
Boc-Pro(F)-OH (2. 047 g, 8. aqol, 1 equiv,) in DCM

at O0C, Chosez Reagent (1.2 .97 mpol , 1.1 equiv)
i s added and t he _r e ' re i S IYed at OQ0C
for 1h. To thi 8% he anine X7, 11 .42 nmmol, 1.4
equiv) in Pyridine is adds (0C t.hé reaction

mxture is stirred at room teper@fureMor 16 h. It is
then concentrated to renove all volatiles and the
residue is dissolved in exce85 DCM The organic |ayer
is washed with 10% Citric acid, NaCl (sat) and NaHCg 3
(sat), dried over Na2SO and concentrat ed. The

T esujl‘heztnlggr esoun .repapl'cligcf I ?1 f l a I'Huren% %Eaphy

usi ng ane FOV € the
Qyplohentgbmy@w-ﬁdformyl (tetrahydro-pyran-2-y|oxy)-amlno]-proplonyt acid A-7

(&%aﬁ;pe@w{ &8§yxfl8)cr ﬁnﬁﬁdﬂﬁfﬂﬁ)‘ﬁdxmc'a@i'd RridRzif 2LAHRXARIBYR = CHF, n

I‘ I‘ I Zl ne OXI
% pyradazmyi)

(28,4R}-1-((2R)-3-cyciopentyi-2-((N-(tetrahydro-2H-pyran-2-
yloxy)formamido)methyijpropanoyi}-4-fluoro-N-(pyridazin-3-yl)pyrrolidine-2-

AN L
07 No-N |
o
o N X
H

carboxamide

A-32b
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(*H The Boc-protected amde is taken into 4M
HCl / D oxane and the reaction is stirred at room

wa eopae@iure for 5 h. Al volatiles are renpoveRCEHOR0DNE53167
residue is triturated with ether to give the title
compounds.
6-((2S,4R) -1-((2R)-3-cycl obutyl -2-((N-(tetrahydro-2Hp
yran-2
yl oxy) f or mam do) et hyl ) pr opanoyl ) - 4-f| uor opyrrol i di ne-

E)gig%"f‘e[‘{%o Wl%@ &Xﬁ&%ﬁﬁ-@ \ge'rﬁ%ﬁl'-l%rcﬂ? aﬂllg&LﬁoﬁUﬁyl] -4-fluoro-

rs 571 ng, 2 mol, 1
PYERQliHipy-2- %F‘BKY'(‘?""?S‘!L(ZFI‘?"V Pyxid ﬁz‘?r'ﬁ'ﬁfh'a"l% ®qui v), Am ne.HC
salt (718 ng, 2.4 mmol, 1.2 equiv) and HATU (913 ng,
2.4 mol, 1.2 equiv) are added. The resulting reaction
mxture is stirred for 16 reomtenperature. The
mxture is partitioged be en jexcess et hyl acetate
and 10%citric aci Tpe organinc | ayer is washed with

sat. NaCl and sat dri ed over _anhydrous
Na2Ss4, filtered,Nsg 4t ed. e nesidue is
purified by sif9ca gel cH omat pgHaphy usiing 10 - 20%
Acetone in DCM and then using 2~ 8% ngthanol in DCM

to give the title conpound (44% . HlH N|VR

(DVBO- d6) : Exanpl e 15:

i ~-Cvctopentyl met hvi - S-tfornul -hydroxv-am noVpropi onvp
-Aftuoropyrrolidine- 2-carBoXylic acid

T Car R i R b ks PRPBRAfh A Ropepar ed
c@y@eogyanetymelfmw-eet[rmﬂrmwrar(ﬁythahwunebwpmylzacm ky

F)-c [ n%t | A8 Yt htﬂe-é\-chbGB;ﬁ@ ¥&id ppiasdinb-anelelzys )X acdF, n
pyrro [ |ne carboxylic acid pyrldazin-2-amde A-8 (X
=4 %]_1]:3- Wdaznnyi N-omde

6-aminopyridazine 1-oxide

0" A-33a

To a solution of 6-Aminopyridazine in acetone is added a solution of MCPBA (1 equiv.) in acetone in
one portion. The reaction mixture is allowed to stir at room temperature for 1 hour. The solvent is
removed and ether is added to the residue. The solid is filtered and dried to yield the title compound.

This is used as such in the next step.

6-((2S AR)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxamido)pyridazine

1-oxide
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1, R1 = 3-pyridazinyi).
(28 4R) - 1- ((2R) - 3-cycl opent yl - 2- (( N-{t et rahydr o- 2H pyr
W@ LB02H06670 PCT/US2007/063167
yl oxy) f or mam do) net hyl ) pr opanoyl ) - 4-f | uoro- N- (pyri dazi
n- 3-yl ) pyrroiidi ne-2- carboxam deExanpl e 16:
1-f2-Cvcl opent vl net hvl - 3- (f or mvl - hvdr oxv- am no”- propi o
nvn- 4-fl uoropyrrolidine- 2-carboxylic acid
(2-oxy-pyridazin-3-yl)-amde The title conmpound is
prepared according to Gengral Procedure A from 2-
cycl opentyl met hyl - 3-[ f | - (tetrahydro-pyran-2-yl oxy)
- am no] - pr opi onyl aéil qi A-Y (R=cycl opentyl nmethyl) and
pyrroI|d| ne- 2- car boxyl g~ aci ri dazin-2-amde A-8 (X
CHF, n =1, Rl= 3- pynda)zﬁ?ﬁil\l—om de).
6- am nopyri dazi ne 1- 0xd*deNTo sol uti on of
6- Ami nopyri dazine in acet8ne fs adglgd a sol ution of
MCPBA (1 equiv.) iTacetomne Tn one portion. The
reaction mxture is allowed to stir at 0
TQ @ﬁqj'éloapt@@-‘?fe@: FOHHBAR 9 PS4 STl n‘fqul"é " @%}\%(&l CaRiosez
Op Pl asi@baﬂmbm 4 Ia@uwmaddsue andlhe repofidnaniktgrefi $tirmed e0°C for

é)rfhlg :q\eegaﬁ"tgnoen(é 1t J&e m;n eﬁtgvrmx? 5)';]'%1%]—4"%10%68 St (IS @Ad Be

reﬁet(o(\fz\&tutsz)ssmeq @trroonb mmﬁz 96§D 1t is-than cOPESRIRIPY 1o BIMRY 2!
éﬂe% ??é%gtﬂ@)@&‘lgéo%é inBcdss oMl ethe oagadiliayei iowasifed with 10%

Cgﬂc %gfsg ay %Igﬁéﬁs?at)( %rle%fverrﬂgg O a];wd%gH#eYstr%ted nThQS:e\é\y)ltmg
rdsﬁiua[id)edfleﬁw flaghechropmetdgiraphy psing 2ril &% Ageteng |pp@@orgtnem@ to

prfogx[ie%')emk;rgw&xd li‘% amne (1.27 g, 11.42 mol, 1.4
ri di

| s added at QOC and the
6-((2S,4R)-4-fluoropyrrolidine-2-carboxamido)pyridazine 1-oxide

(*HCY) :;F

HN
7
)

0" A-33¢c
The Boc-protected amide was taken into 4M HCl /Dioxane and the reaction was
stirred at room temperature for 5 h. All volatiles were removed and the residue was

triturated with ether to give the title compounds.

6-((2S8,4R)-1 -((2R)-3-cyc|opentyl-2-((N-(tetrahydro-2H-pyran-z-
yloxy)formamido)methyl)propanoyl)-4—fluoropyrrolidine-z-carboxamido)pyridazine 1-

oxide
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reaction mxture is stirred at roomtenperature for 16

h. It is then concentrated to renove all volatiles and
wo b@7nesidue i s dissolved in excess DCM The oPQHOB2007/063167

| ayer is washed with 10% G tric acid, NaCl (sat) and

NaHCO3(sat), dried over Na2SO4 and concentrated. The

resulting residue is purified by flash chromat ography

usi ng 2-15% Acet one i nDi chl oromet hane to provide the

title conpound (619,

6-((2S,4R) -4-fluoropyri didi ne-2-carboxam do) pyri dazi n

e 1-oxide (*H BQp-prote am de was taken into

4M HGi / Di oxan{:‘\a’tfﬁ regetNen fas stirred at room

tenperature forg _NAWPI atit®s were renoved and the
residue was tritural ed i fther tg give the title
conpounds. ~
6- ((2S, 4R) - 1- ((2R) - 3- cycl dpentAd -
pyran- 2- o ﬁ
yl oxy) f or mam do) net hyl ) pr opanoyl ) - 45! usB8@yrr ol i di ne-
2- car boxam do) pyri da2f ne 1- oxi deExanple 17:
1-f 2- Cvcl ohexvl net hyl - 3- (f :
or nvl - hvdr oxv- am no) - propi onyl 1-4-f | uoropyrrolidine-
2-carboxylic acid pyridazin-3-ylamde A-34 The title
Exarmpte tid 1+3-Gyelopexvine vlcotfaimyghydyoepraing)-prorirnylivrisiore-
dyF@diRe-2-carboxylic acid pyridazin-3-ylamide

cl ohexyl met hyJ-3-1fornyl - (tetrahydro-pyran-2-yl oxy) -
am no] - propi onyl acid A-7 (R=cycl ohexyl nethyl) and
pyrroiidine-2-carboxylic pyridazin-3-amde A-8 (X
= CHF, n =

(,k\l- (tetrahydro-2H

A-34
The title compound is prepared according to General Procedure A from 2-

Cyclohexyimethyl-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino]-propionyl acid A-7
(R=cyclohexyl methyl) and pyrrolidine-2-carboxylic acid pyridazin-3-amide A-8 (X = CHF, n =
1, Ry = 3-pyridazinyl).

2-Cyclohexylmethyl-3-(fonnyl-hydroxy-amino)-propionic acid building block is prepared from
2-cyclohexylmethylmalonic acid as descdribed for the synthesis of the corresponding

cyclohexylmethylmalonic acid in Example 1.

2-Cyclohexylmethyl-malonic acid
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1, R1= 3-pyridazinyl).

2- Cyct ohexyl net hyl - 3- (f or nyl - hydr oxy- am no) - pr opi oni ¢
w@eiod/1txer0 di ng bl ock is prepared from PCT/US2007/063167

2-cyci ohexyl met hyl mal oni ¢ acid as descdri bed for the

synthesis of the correspondi ng cycl ohexyl met hyl mal oni c

acid in Exanple 1. 2-Cycl ohexyl net hyl - mal oni ¢ aci dThe

title conpound is prepared from

(brononet hyl ) cycl ohexane. 2-Cycl ohexyl nmet hyl -acrylic

acid

4- Benzyl - 3-{2-cycl ohe

one

4- Benzyl - 3-[ 2- cycl ohexyl

I oxyam no) - pr opi onyl JHO

oxazol i di n-2-one). A/ -[ 34(441Benzyl - 2- oxo- oxazol i di n-3-y

I)-2-cyc|ohexy|nethyl-390x8-pr&ﬁVV]-VV(tetrahydropyran

- 2-yloxy)-formam de Exanple 18: 1-(4-Cyclopropyl-2-f
THef1i08 BarhpolNdlic Prepa@Bfrom ) brombisethyt)cyciohexane.

p- butvryl)-4-fluoropyrrolidine- 2-carboxylic acid

I Orvesy i i lhe title compound is prepared

z'ggégﬁgplr%tWég%ﬁE?%{F Procedure A from 2-

cycl opropyl ethyl -3-[for

am no] - propi oni c acid

pyrrolidi ne-2-carboxyl

CHF, n =1 R =

2-pyrazinyl).2-Cycl opropyhetdii yl - 3- (foraiyl - hydroxy-am

i no)-prorionic acid buildifig block is prepared from

2-cycl oprpyl et hyl nmal oni ¢ afid &s34escdribed for the

synthesi s of the correspondi ng cycl opentyl net hyl net hyl

mal onic acid in Exanple 1.

t hyl -acryJoyl ) - oxazoUdi n- 2

t hyl - 3- (t et rahydro- pyran-2-y

| - (tetrahydro-pyran-2-yl oxy) -
X (R=cycl opropyl ethyl) and
c{acid pyrazin-2-amde A-8 (X =

4-Benzyl-3-{2-cyclohexyimethyl-acryioyl)-oxazolidin-2-one

A-34c

4-Benzyl-3-[2-cyclohexylmethyl-S-(tetrahydro—pyran-Z-yloxyamino)-propionyl]-

STt
° O

50~

oxazolidin-2-one).

A-34d



(Bronoet hytycycl opropane The title conpound is
prepared from 2-cycl orropyl et hanol .
wQ20yab@pr opyl et hyl - mal oni ¢ acid PCT/US2007/063167
2- Cyc(opropyl ethyl -acrylic acid
4- Benzyl - 3- (2- cyct opr opyl et hyl -acryl oyl ) - oxazol i di n- 2-
one3- (4- Benzyl - 2- oxo- oxazol i di n- 3-yl
) - 2-cycl opr opyl et hyl - 3- oxo- pr opyl ]
-N-(tetrahydropyran- 2-yl oxy)-fornmamn de
2-Cycl opropyl ethyl -3-[fornyl - (tetrahydro-pyran-2-yl oxy
) -am no]j - proplonlc acid 1-{

- Cycl opr opyl et hyl - for tetra ran )
N-[3bA- BRIV A2 wpt}d'w Mo va Pfﬂﬂ‘i‘“ﬁ@‘&ﬁ ;o '°£P’% "%mm
pyR&h-g-yRaky pkardidgl ani deExanpl e 19: I nhi bition of

Pepti de Defortnylase Activity A PDF/ FDH coupl ed assay

(Lazennec et al., Anal. Biochem, Vol. 224, pp.

180-182 (1997)) is used. In this coupled assay, the

formate rel eased by PDE fromits substrate fMAS is

oxi di zed by the coupli enzynme FDH, reducing one

nol ecul e of NAD + to ich causes an increase in
a s are carried out at
ernof/ 50 nmM HEPES, pH 7.2,

absorption at 3

room t enper at ur

10 nmM Nadl, I n pal f-area 96-wel |
mcrotiter pI ates (Cornl ngP Tction is initiated

by adding a mxture of 0.5 Unit/H 4el ™ NAD+, and

f MAS at the desired concentration. To determ ne | C50

(the concentration needed to inhibit 50% of enzyne

E& Ei\é'ﬂ!y )I-{¥@bb|6§ropRﬂ:[(ioﬁmﬂrt&drmﬁiﬂ&h@gmgbﬂ] Q@yrﬂ}gﬂiﬁ‘ﬁyo“
oncent r the inhibitor, and the

péﬁ'é’f’tbdr"n‘iié §?fb§ﬁﬁ‘r°é’§‘é‘t‘ty6%ﬁt gqlﬁaﬂﬁ (El ated by the

The title compound is prepared according to General Procedure A from 2-
cyclopropylethyl-3-[formyl-(tetrahydro-pyran-2-ytoxy)-amino]-propionic acid A-7
(R=cyclopropy! ethyl) and pyrrolidine-2-carboxylic acid pyrazin-2-amide A-8 (X=CHF, n=1,
Ry = 2-pyrazinyl).
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addition of reaction m xture containing 4 mMfMAS. The
initial reaction velocity, y, is neasured as the

WO povitede7r at e of absorption increase at 340 nMCEUSZP0E063167
SpectraMax pl ate reader (Ml ecul ar Devi ces, Sunnyval e,
CA). The Inhibitor concentration [In] at which 50% of
the enzyne activity Is inhibited, 1C50, is calcul ated
using the following formula: y =y o/ (1 + (In]/1C50)
wher e yO is the reaction velocity in the absence of

2%‘3 blt é)? VI tgll%l %ge ug o nggogmd %Q{i %b‘o@ﬁ Ll;mzpared
f‘%ge‘ﬁ"‘)aﬂlp ed f°1 rétSSI on ‘?l t us SP ogine
cyglopgiemethy o’f‘i‘ 9\%1? %CI ’é‘ ‘é‘gl ( Del tap0| nt, Inc.

Chi cag I L. ) Using this assay, the 1Cso of vari ous
(Rrgmpes HIIOIPEPHE er ni ned. The 1 CsO for the various
compounds is determnm ned against defornylase enzyne
contai ning ni ckel and zinc\as the netal ion. The |1C50
val ues of preferred conpoungds of formula (I)

determ ned for the zinc-contal nl ng def ornyl ase range
fromabout 0.001 nMto about®0.2 nM The |1 C50 val ues
of preferred compounds of for nutii“és(ﬁl) determ ned for
Thdétlenbmkeind canerarediftog Heickprppyisdandange from about
0.005 nMto about 3 nmM Exanple 20: Assay for Testing
2-fveloptopy BBIYAM2IRRIG 3 v M ni mum i nhi bi tory
concentrations (M Cs) are determ ned using the

m crodilution nethod In -wel | format pl ates.
Conpounds are suspended {n DMSO at 5 or 10 ng/nL and
stored at 40C until used.™~They are diluted in

Muel I er-H nton Broth @idBW oroHrypti caseSoy Broth
(TSB) and used for M C diteflm nation. The range of
concentrations tested i s®649  A-35

2-Cyclopropylethyl-acrylic acid

0 A-35¢

4-Benzyl-3-(2-cyclopropylethyi-acryloyl)-oxazolidin-2-one

3
) \© A-35d
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0.0625 nmg/mM final concentration using a two-fold
dilution system The inoculumis prepared fromcells
WQ@e@ro@m Trypttcase Soy Agar (TSA) and i ncubak@dus2007/063167
overni ght at 35C, 5-10 colonies are used to inocul ate
MHB or TSB broths, and the culture is incubated
overni ght at 35C. The overnight culture is diluted
1: 10, incubated for 1 ur at 35C, diluted to the
appropriate inoculum siye and applied to the wells
cont ai ni ng brot d tesg Q%/ ound. | nocul um sizes are
2 x 104 CFU nL. ﬂt.e' arle cubated at 35C for 48
hours and M C areo .0 a er 18 hours of
i ncubation for bacteria. i |ned as the | owest
concentration of conpound that produce
visible growh after incubation. m i nhi bitory

concentration for various preferred conpounds of
formula (1) ranges from about 0.25 ng/nL to about 32

nL_agai nst H. r [ Reusb-
D A e S
(dyenr2-y3éxypformsamidé r om about 0. 016 ng/ rrL to about 16
ng/ mL agai nst S. pneunonia (four strains), and from
about 0.008 ng/nL to abgut 16 ng/nL agai nst M
catarrhalis. The defor ase enzynme i s obtained from
esentative

E. coli. The fol l.eWf [
pharmaceuti cal far miyl afji ohs ai ni ng a conpound of
formula (1). Exanpte : FQr mul ati on

A-35¢

2-Cyclopropylethyl-3-[formyl-(tetrahydro-pyran-2-yloxy)-amino]-propionic acid
N
0 A-35g

1-{Z-Cyclopropylethyl-3-[formy|-(tetrahydro-pyran-z-yloxy)-amino]-propionyl}-4-fluoro-

pyrrolidine-2-carboxylic acid pyrazin-2-ylamide
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The follow ng ingredients are mxed intimately and
pressed into single scored tablets: Quantity per

wo p@rracicemt Tabl et (gl Conpound of this i nvene€DOS2000063167
Cornstarch 50 Croscarnell ose sodi um 25 Lactose 120
Magnesi um st earate 5Exanpl e 22: Capsul e Formul ati on
The following ingredients are mxed intimately and
| oaded into a hard-shell gelatin capsule: Quantity per
I ngredi ent Capsule (nmg) Conpound of this invention 200
Lactose, spray dried 148 Magnesi um stearate 2 Exanple
23: Suspension Formul ation The follow ng ingredients
ar e mxed to‘forma susen3| on for oral
EX f d K28R 8 npound of this

|nvent|on 1. Og Furrarlc aC|d 0.5 g
A PDF/FDH coupled assay (Lazennec et al., Anal. Biochem., Vol. 224, pp. 180-182

(1997)) is used. In this coupled assay, the formate released by PDF from its substrate fMAS

is oxidized by the coupling enzyme FDH, reducing one molecule of NAD* to NADH, which
causes an increase in absorption at 340 nM. All assays are carried out at room temperature
in a buffer of 50 mM HEPES, pH 7.2, 10 mM NaCl, 0.2 mg/mL BSA, in half-area 26-well
microtiter plates (Corning). The reaction is initiated by adding a mixture of 0.5 UnitmL FDH,
1 mM NAD*, and fMAS at the desired concentration. To determine ICs (the concentration
needed to inhiblt 50% of enzyme activity) values, PDF is pre-incubated for 10 minutes with
varying concentrations of the inhlbitor, and the deformylation reaction is initiated by the
addition of reaction mixture containing 4 mM fMAS. The initial reaction velocity, y, is
measured as the initial rate of absorption increase at 340 nM using a SpectraMax plate
reader (Molecular Devices, Sunnyvale, CA). The Inhibitor concentration {In} at which 50% of
the enzyme activity Is inhibited, I1Cs, is calculated using the following formula:

y = yo/(1 + [In)/ICs50)

where Y, is the reaction velocity in the absence of inhibitor. Solving this equation for ICs, at
the [In) when y = y,/2 yields ICso. The ICs is calculated based on a nonlinear least-square
regression fit using a commercial software package (Deltapoint, Inc., Chicago, IL.).

Using this assay, the ICsp of various compounds are determined. The ICs for the
various compounds is determined against deformylase enzyme containing nickel and zinc as
the metal ion. The ICsq values of preferred compounds of formula (1) determined for the
zinc-contalning deformylase range from about 0.001 uM to about 0.2 yM. The ICg values of
preferred compounds of formula (1) determined for the nickel-containing deformylase range
from about 0.005 uM to about 3 pM.

Example 20: Assay for Testing Antimicrobial Activity

Minimum inhibitory concentrations (MICs) are determined using the microdilution
method In 96-well format plates. Compounds are suspended in DMSO at § or 10 mg/mL
and stored at 4°C until used. They are diluted in Mueller-Hinton Broth (MHB) or Trypticase
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Sodi um chloride 2.0 g Methyl paraben 0.15 g Propyl
paraben 0.05 g Granul ated sugar 25.0 g Sorbitol (70%
waolattvesn) 13. 00 g Veegum K (Vanderbilt Co.) 1PQI/gs2007/063167

Fl avoring 0.035 nL Colorings 0.5 ng Distilled water

q.s. to 100 nL Exanple 24: Injectable Formulation The
follow ng ingredients are mxed to forman injectable
formul ation: Ingredient Amount3167 Conpound of this
|nvent| on O 2- 20 ng Sodi um acetate buffer solution,

Scm_ﬁirml(@B)(aag used) fﬁg égél)daermlrl}lqgsﬂ (’he]Ta’\\geocg Egncehtpatﬁﬁﬁ tteﬁ@cll 8 64-

Exanpl e
0.84%5 | Gumipidal doocentrBinmging b itwmfoly @W@p@%ﬁt"c’r@-ry of total

weight 2.5 g is prepared by m xing the conpound of the
The inoculum is prepared from cells grown on Trypticase Soy Agar (TSA) and

incubated overnight at 35°C, 5-10 colonies are used to inoculate MHB or TSB broths, and
the culture is incubated overnight at 35°C. The overnight culture is diluted 1:10, incubated
for 1 hour at 35°C, diluted to the appropriate inoculum size and applied to the wells

containing broth and test compound. [noculum sizes are 2 x 10* CFU/mL.

Plates are incubated at 35°C for 48 hours and MIC are recorded after 18 hours of
incubation for bacteria. MIC is defined as the lowest concentration of compound that does

not produce visible growth after incubation.

Minimum inhibitory concentration for various preferred compounds of formula (1)
ranges from about 0.25 pg/mL to about 32 pg/mL against H. influenza (four strains), from
about 0.001 pg/mL to greater than 8 pg/mL against S. aureus (four strains), from about
0.016 pg/mL to about 16 pg/mL against S. pneumonia (four strains), and from about
0.008 pg/mL to about 16 pg/mL against M. catarrhalis. The deformylase enzyme is obtained

from E. coli.

The following are representative pharmaceutical formulations containing a compound

of formula (1).

Example 21: Tablet Formulation

The following ingredients are mixed intimately and pressed into single scored tablets:

Quantity per Ingredient Tablet (mg)
Compound of this invention 400
Cornstarch 50
Croscarmellose sodium 25
Lactose 120
Magnesium stearate 5
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invention with Wtepsol (r) H5 (triglycerides of

saturated vegetable fatty acid; Riches-Nelson, Inc.,
wOwW7NYowR) , and has the foll ow ng conposition: PAOIROTIEh3167
of the invention 500 ng Wtepsol(r) H1 5 Bal ance
Exanpl e 26 (2S, 4RM {( RA2-f (f or nyl - hvdr oxy- am no) - net hv
p- hecanov| }-4-isopropylp g rrolidine-2-carboxylic acid
(5-fluoro-pyridin-2yl)-am de The title conmpound is
prepared according to General Procedure A from
2-n-buty|-3-{for - N-benzyl oxy] - am no- pri opi oni c

: r 1Byl - pyirolidine 2- carboxylic

aci d] -[2- am no-5-fl ouropyridi ne]

( 2 SARMElIORNg Pgregieots rye mik M&%ﬁe'aﬁﬁ‘%'eé)deﬁﬁt%?P?’dﬁéﬁ'bﬁﬁ&}'f‘
cavsdhed sopropyl pyrrolidine- 2-carboxylic acid
6@ ?Iuoro pyridin-2yl)-amde The title conpound is

prepared acgor dj. o General Proc [

2-n-but yl - %ﬁﬁshﬁgPi N-benzyl oxy] 'nggf%o%?gﬁrc
aC|dCAF§m§Qqﬁ$S,§ggﬁgpyl pyrrolidine-2-caipoxylic
aci d] am no- 5-fl ouropyri di ne- N-oxi de] Exanple 28
Bi ochagtbseabpranddsddr uct ural characteri zati@g of
Streptococcus pneunpni ae peptide defornylase G70V/ D

mut amtagnépd stemadef or nyl ase activity is esdential for
grom h of S. pneunobniae. The nutants that are

E

Example 23: Suspension Formulation

The following ingredients are mixed to form a suspension for oral administration:

ingredient Amount
Compound of this invention 104
Fumaric acid 05¢9
Sodium chloride 20g
Methyl paraben - 015¢g
Propyl paraben 0.05g
Granulated sugar 2509
Sorbitol (70% solution) 13.00 g
Veegum K (Vanderbilt Co.) 1049
Flavoring 0.035mL
Colorings 0.5mg
Distilled water g.s. to 100 mL

Example 24: Injectable Formulation

The following ingredients are mixed to form an injectable formulation:

Ingredient Amount
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sel ected on NVP-LBWA15 were not conpronised for growth
invitro, therefore the nutations in defB that confer

Wo e®rse@nte to these conpounds woul d not be exPETUBWOT/@63167
dramatical ly alter enzymatic activity. To test this
hypot hesi s, the kinetics of peptide defornylase
activity are determ ned using the substrate
f-Met-Ala-Ser.Table 1 Enzymatic activity of wild type
and nmutant Streptococcus pneunoni ae peptide
def ornmyl ase PDF Km (mMM fMAS) WId type 1.3 + 0.1 G/0V
2.1 COu@uETOmhigingention 4 The data in Tabl e “2"&Pport the

hypot hesis that the changes selected int t ant
:Qtzyﬁf_iéitiw@j@clef?& buffeaspitiPe}1Y alter peptide erg'uor myl ase

I VLtY. [ arent that the nuta - ar e
capa'B‘P\é)(Bll)ors%@‘é)B%ng normal growth of G%tggﬁheéﬁmm?ﬁi ae

whi | fdg)srt.'nglqlevel of protection fr [
W ' Steffte). NtCBY el N PDF
i nhi @la%{){s.'mlgr eﬁ% nary M C testing usi ncg t he PDF
G70V/ D nmut ants suggested that these nutants are | ess

Esensi RY 1o 2 S bsel..f, rel ated PDF inhibitors
M%ﬁi@“—%—%el et oo o orrﬁonent than to highly
onpounds | acking this oup. To | '

Fur rrappoot#is of eBbeiaa N eerrrog BRI RN A e

ingé?wmdﬁgéﬂsf_)r@&{-ii (glgeligesi on sdtimated fegrtapecfatty acid: Riches-Nelson,
eterpined. Tahl e 2 Be,structures and d i b
Ing, d f wm and descri bes
n{:hgev&%rlkgag ﬁ%h%%%d%oﬁothree pairs of simlar
conmpounds,
Compound of the invention 500 mg

Witepsol® H-15

Balance

Example 26 (23,4R)—1-{1R)-Z-I(formvl-hvdroxv-amino)-methvﬂ-hexanovl}-4-isopropvl-
pyrrolidine-2-carboxylic acid (5-fluoro-pyridin-2yl)-amide

The title compound is prepared according to General Procedure A from 2-n-butyi-3-[formyl-
N-benzyloxy]-amino-priopionic acid A-7 and 4-isopropyl-pyrrolidine-2-carboxylic acid]-{2-

amino-5-flouropyridine]

Example 27 {28.4R)-1-{{R}-2-[{fo
pyrrolidine-2-carboxylic acid (5-fluoro-pyridin-2yl)-amide

The title compound is prepared according to General Procedure A from 2-n-butyl-3-[formyl-
N-benzyloxy]-amino-priopionic acid A-7 and 4-isopropyl-pyrrolidine-2-carboxylic acid}-{2-

amino-5-flouropyridine-N-oxide]

Example 28 Biochemical and structural characterization of Streptococcus
pneumoniae peptide deformylase G70V/D mutants

Peptide deformylase activity is essential for growth of S. pneumoniae. The mutants that are
selected on NVP-LBM415 were not compromised for growth in vitro, therefore the mutations
in defB that confer resistance to these compounds would not be expected to dramatically
alter enzymatic activity. To test this hypothesis, the kinetics of peptide deformylase activity
are determined using the substrate f-Met-Ala-Ser.
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plus the original selecting conpound NVP-LBM 4 15.

Table 2 Effect of P3 ring N-oxide constituent on

w0 pdorhoderon of Streptococcus pneunoni ae pepti dBCT/US2007/063167
def ornyl ase activity and cul ture growth Conmpound

Average M C PDF Average |IC50 (nM significance*

(mg/m) WI. 0.31 0.03 0.45 0.07 GOV 1.35 0.18 5.80
1.38 G/OD 1.28 0.10 6.44 1.55*Significance of

i ncreased |1 C50 of N oxide containing nmenber of the

COMPRAIL: By a%nﬂﬁtof Mbﬁyﬁ&%@%ut&n‘%@éﬂ@gcﬁﬂ %%E@ﬁorﬁla%
expr e84 ASmYELs the change 1I's random at
confidence inferval Statistical anal yses that are

designed to remvg‘l;h'e—‘mm nzyme

i nhibition that W each conpound
other than the th PR oxi dé *dubstituent are
performed for eaclP’Bdir of PAHi%itors. In all cases,
the increase in ag@Plge ICSQOﬁdche Noxi de cont ai ni ng

TRQ dl;itnenr abﬂz £& rptﬁtleﬁ o§1e§|tsﬁ1t ecge%luli e @) ilmes
@gﬁ’e%e %"mg" ﬁ'}w j? a:e?féor. %’IQ%T‘Z?

dn&ME&&ﬁmDﬁ Mors heteroa ky : heterocyc oal kyl ,

Prei%lma%rml&e{eg&n% us}rlwg ‘the PDF G70V/D mutants suggested that these mutants are
less sensitive to a subset of related PDF inhibitors containing a P3 N-oxide component than
to highly related compounds lacking this group. To investigate further, the ICgs and MICs of
specific pairs of compounds differing only in this feature are determined. Table 2 shows the
structures and describes the average ICss and MICs of three pairs of similar compounds,
plus the original selecting compound NVP-LBM-415.

a

Table 2 Effect of P3 ring N-oxide constituent on inhibition of Streptococcus
pneumoniae peptide deformylase activity and cuiture growth

Compound PDF Average 1Cs (nM) AV?LZ?,;BMC significance*
" I W.T. 0.31 £0.03 0.45 1 0.07
~ J\f? oy G70V 135018 5.80 + 1.38
G700 1.28 £ 0.10 6.44 £ 1.55
U:rofi w.T. 0.25 £ 0.04 0.16 £ 0.10
T X, G70V 0.50 +0.06 0.33 1 0.08
L '
G70D 0.34 £ 0.03 0.25 1 0.00
oY W.T. 0.37 £0.02 0.29 +0.11
L T G70V 2.05 1 0.34 2.67£0.67 00144
ot 1.00 £ 0.00
G70D 0.91%0.11 03409
W.T. 0.27 £0.03 0.71 £0.10
GT70V 0.70 £ 0.19 1.43+0.43
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R3 is alkyl or heteroalkyl; R4 is aryl, or heteroaryl;
or nis O0to 3 and provided that R 1 is cycl oal kyl
W@rw/7a066R% i s an optionally substituted 6 nenbRCETUS2007/063167

nonocyclic heteroaryl ring having 2 , 3 or 4 nitrogen
heteroatons in the ring wherein one or nore of the

ring nitrogen heteroatons is optionally oxidized or a
salt thereof or a prodrug thereof. 2. A conmpound
accordlng to claiml1l wherein R3 is |sopropyl 3. A

OTrpoulTtad aCC Ol UI 'y to bl d.l I J. VV”EI (|
d(; cbg 4ky| 4. AOfonpoivaciga et ng AB?@?%@% 1 whesighificance*

—-of —R6———
R7, <Revand Rs i mdgpendent | g.27 s ologdr ogen,o0.al kyko
suggii suted al kyl, phenyl, hal ogen, hydroxyl, alkoxy
or & 's Jr~{/therem‘70‘q)r a prodﬂmgonbereof 'Ol?aiGJmS A
corrpound ~aceor di ng to claiml wherein R4 is a {
heteroaryl of f&7omla (11.ap5andéherei n R, + ®30 and R8
are hydrogen and R8 is fluoro, a salt thereof of a
p{o uy” t her eof WO ai m 6. A3tem®Ound acobsdi agoto

wherein R4 is a heteroaryl of l.2)
and J%’\/l NARGTYY . 2) whef &6 hORB, RY ag%%?gf 08742

117

hydr ogen"’a salt thereof or a prodrug theyeof Caim
06
7. A conpound a&Fop di ng told¢Palrtl mherg‘?e RIS a 00185
heteroaryl—of formufa (T13) and
o < e W.T. 0.31+ 0,04 1.43 1 0.20
- 73“/\1 G70V 1.01 £ 0.27 2.86 + 0.40
G70D 0.46 + 0.10 1.57 £ 0.47
o < é W.T. 0.23 £ 0.04 1.42 £ 0.20
T e G70V 178 +0.27 1029+2.11 05622
G70D 1384013 1029+ 2.11 00133

*Significance of increased ICs, of N-oxide containing member of the compound pair against
the mutant (G70V/D) enzymes is expressed as odds that the change is random, at 95%
confidence interval

Statistical analyses that are designed to remove the variability in enzyme inhibition that
derives from aspects of each compound other than the the P3 N-oxide substituent are
performed for each pair of inhibitors. In all cases, the increase in average ICs for the N-
oxide containing partner in each pair is statistically significant, and correlates with an
increased MIC for that agent.
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wherein R6, R7 and R8 are hydrogen, a salt thereof or
a prodrug thereof.. Caim8. A conpound according to
we@b@rmcb7mherein R4 is a heteroaryl of fornul aPCT/US2P7/063167
and wherein R6, R7 and R8 are hydrogen, a salt thereof
or a prodrug thereof.. Caim9. A conpound according
to claiml wherein R4 is a heteroaryl of the fornula
(I'). B5)wherein R6 , R7 and R8 are hydrogen, a salt
t hereof or a prodrug thereof.. Claim210 A conpound
according to claim1 wherein R 1 is selected from
cycl ohexyl, cyclopentyl, cyclobutyl o r cycl propyl.
G ain111 A compound according to claim1 wherein R 1
utyl. daim1l2 . A conpound according to
W%V%ﬂ%?bﬁwﬁﬁﬂ ein R4 is selected from 2-amno, 5-
fluoropyridi ne N-oxide, 2-pyrazine, 3-pyridazine,
CBMpyriniﬂbmewnwdp&@vvwaﬁnne, 3- pyridazi ne Noxide, or
2-amno, 5-fluoropyridine Caim113. A conmpound
according to.claim1l whererp R4 is selected from
2-am no, Iuorop ridine oxi de, 2-pyrazine,
3- pyrlda2| é el diie\ 4- pyrimi di ne, 3-pyridazi ne
Noxi de or 2 anln 5- fkuoro yridine. Claim1l4. A
conmpound ac cl 10 wherein R3 is
i sopropyHO Cl ai m 15.{{ A coppound according to claim11
wherein R3 is isoprapyl. ai ;R46. A conpound
according to claim1l wlérei i Riis a het er oaryl of
formula (111) CAaim17. A c6hpouﬂd according to claim
1 wherein R4 is a heteroaryl of fornmula (111. 1)
wK‘QﬁlE%r?s rRydr ,alkE)’Q hétb@al)l dre%&:ﬁ)d@dl@l BRI brneldraseylo, a

ereo f a prodrug thereof
R3 is alkyl or heteroa\kyl

R4 is aryl, or heteroaryl; or

nis 0 to 3 and

provided that R1 is cycloalkyl and/or R4 is an optionally substituted 6 membered,
monocylclic heteroaryl ring having 2, 3 or 4 nitrogen heteroatoms in the ring wherein one or
more of the ring nitrogen heteroatoms is optionally oxidized or

a salt thereof or a prodrug thereof.

2. A compound according to claim 1 wherein R3 is isopropyl.

3. A compound according to claim 1 wherein R1 is cycolalkyl.

4. A compound according to claim 1 wherein R4 is a heteroaryl of formula (!1)

R7
R XN R Ry Ry Ry Rus Ry
| P or | /N or | P | _
R R, R Ry N~ R, N~ TR,
R, R, w0

wherein each of Rg, Ry, Rs and Re independently is hydrogen, alkyl, substituted alkyl, phenyl,

halogen, hydroxyl, alkoxy or a salt thereof or a prodrug thereof.

Claim 5. A compound according to claim 1 wherein R4 is a heteroaryl of formula (Il.1) and
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(1.1)

wherein Rg, R; and Ry are hydrogen and R8 is fluoro, a salt thereof or a prodrug thereof.

Claim 6. A compound according to claim 1 wherein R4 is a heteroaryl of formula (11.2) and

RGI:::(Rv

wherein R, R; and Ry are hydrogen, a salt thereof or a prodrug thereof..

Re (11.2)

Claim 7. A compound according to claim 1 wherein R4 is a heteroary! of formula (11.3) and

‘RT ‘
1 \j‘\

g
N Re 13)
wherein Rg, R; and Rg are hydrogen, a salt thereof or a prodrug thereof..

Claim 8. A compound according to claim 1 wherein R4 is a heteroary! of formula (1).4) and

(1.4)

wherein Rg, R; and Rg are hydrogen, a salt thereof or a prodrug thereof..

Claim 9. A compound according to cfaim 1 wherein R4 is a heteroary of the formula (1.5)

-61-



WO 2007/106670 PCT/US2007/063167

(11.5)

wherein Rs, Ry and Rg are hydrogen, a salt thereof or a prodrug thereof..

Claim 10 A compound according to claim 1 wherein R1 is selected from cyclohexyl,
cyclopentyl, cyclobutyl or cyclpropyl.

Claim 11. A compound according to claim 1 wherein R1 is an n-butyl.

Claim 12. A compound according to claim 10 wherein R4 is selected from 2-amino, 5-
fluoropyridine N-oxide, 2-pyrazine, 3-pyridazine, 3-pyrimidine, 4-pyrimidine, 3-pyridazine N-
oxide, or 2-amino, 5-fluoropyridine

Claim 13. A compound according to claim 11 wherein R4 is selected from 2-amino, 5-
fluoropyridine N-oxide, 2-pyrazine, 3-pyridazine, 3-pyrimidine, 4-pyrimidine, 3-pyridazine N-
oxide or 2-amino, 5-fluoropyridine.

Claim 14. A compound according to claim 10 wherein R3 is isopropyl.
Claim 15. A compound according to claim 11 wherein R3 is isopropyl.
Claim 16. A compound according to claim 1 wherein R4 is a heteroaryl of formula (Ill)

& ~ N R“7 X R6 R“B NS R’
| P or | \ of |
: , Z
R Ry Re Y Ry N” R,
Ry R,

Claim 17. A compound according to claim 1 wherein R4 is a heteroaryl of formula (111.1)

SN
‘/
Ry

R,

wherein R, Ry, Rg are hydrogen and Rg is fluoro, a salt thereof, or a prodrug thereof.
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