NOVEL ANTI BACTERI AL AGENTS FOR THE TREATMENT OF GRAM PGCSI TI VE | NFECTI ONS
[1] This application clainms the benefit of U S. Provisional patent

appl i cat iwo 26lar385875, fil ed Decenber 22, 2008, i ncor pecatisdodssssun by
reference inits entirety. [2] The present invention relates to
novel |ipopepti deOVEINANTESACTERIALNXGENTS FORIMHE FREMMENT OFar maceut i cal
conpositions of these conpowrAMEPOSMVEMNPSECTIONS Ng t hese conpounds as
anti bacterial agents. The invention also relates to nmethods of producing

these novel |'F{Opﬁptﬂhib?amﬁﬁmimanﬁﬂﬁelbehﬁﬁ@dﬂ&t%w@mdl paﬂerﬁlr oduci ng t hese
conpounds, Lons usin The rapid

a [3
i ncrease i ﬁpﬁ’ﬁ@t'(?’hgQl%?réggcff'e‘bpﬁf“ﬁrﬁ%%ﬁ %qg @Q% rl'f“é?f?‘?r@‘tf‘sd heraIYdi ng t hose
caused by raskatamtiihafik@yl a, has sparked renewed interest in the
devel opment of novel cl asSes of antibiotics. A class of conpounds which

have shown pot d8P2hiThgPresast inveatien mizes ksnavetinppertidecompoundsy dhe

| i popept | dﬁﬁgﬁﬁﬁ%lé@%téé‘to %ﬁ’érn@é@ﬂﬁﬂa@ccﬂa’ﬁééﬂ%ﬁs%f@ﬁ@s% doMlihas BRd 32, 333; RE
32,455; RE 32,311; RE 32,310; 4,482, 487 11, 525; 7,335, 725;
7,408, 025; M@iirsls oﬂgemgthwzcozrwumdsssanv!z@tersahagﬂﬂs3§h©nventuarp@k§ﬁyc| n, a
member of tro and in vivo
agai nst cl fér:él'tg?aﬂ ﬁ%ﬁmﬁ%@ﬁRf&fu?@h}tﬁ%sge}rﬁ\)\?gﬁ@%{)zﬁ%d/rj{t altddc%f\lﬁ‘lge serious and
life-thr eamnwglam$mies prd'dmtsm tbase eompounds| aglwel @sicompnsitipag URig@ns, such
as vancorryg1e r SI stant enterococci (VRE), nethicillin-resistant

St aphyl ococcC Yur eus (MRSA), glycopeptide internedi ate susceptible

St aphyl ococcus [ﬁOB}al]'$1e(ra3iSAt)tcreasmiguihaﬁe:+dwgabf ganmspagitivg iotsstions, (CNS), and

enicillin-resistant Streptococc ni R ere are
Pew ¢ her ap LR IGfiDts SAHY 15 F8E8taR BRGHE RafRpbhEilgned Jilhbgiih ec(l,

I nve;t Dr da\ifelc&prﬂé‘rﬂ&f hded . classes of aditm]otlaesmdlastdieoptpoundssawhhhmawle
anti bacterial agents suc t.omycin, of nove
anti bi ot i c&"¥Yh ?tﬁmé"%“ asl\'ﬁﬁﬁﬁﬁﬁ S aclidRRd LB&#W%‘)@&P 198 posed to
commnlty uta@%tr@tatt Inblftlgﬁéxtémplér hﬂrﬁteﬁ@?t%@{%télﬁ'SREe@ ,838; tRE?B@BBCRIEont OL t
vari ant antibacteria rains resistan antibiotics.
The | oss of? ﬁéie%':c)?za'ﬁ@ #4048 v ﬁég'g%’fé§ﬁ?gg§’%g§%§$@@£%y resi st ant
mechani sisgl7@a4e0s7 2622881 7, QBWQG arleRE solgrve E?diﬁ’orﬁ%lﬁ%ilhh%ﬁ{de)’oﬁwk lead to
life-threatening infections that are virtual [y untreatabl e.

anti bi ot i c&laghastetert breferipidahrrgixing N0 ard & Gy ?%F@t“ﬁﬂ'&@“yd?e'qvﬁt‘ter nedi at e
resistancegipy | ngiﬁ\?e bétﬁt\é‘héjfl'fégén%s‘aefgé?i%hé YR YeCthRRldiifg 8isBesss. fHesa Stream of
new anti bacter ents to co these enmerging strains. In addjtion
conmpounds ba@terl@mmmrewa@népata@gm sueht as yanpompEindessiant eaieaacaiges over
present ba (MFE% acteri al

agents muﬁ;ﬁé@ﬁggﬁ Q@%‘?ﬁ Eg%u77 hg}BPé%ug%?’rée‘dft not'&&g\;'ﬁoaéryzﬂdgr al

pat hogens, Irtbezrmeejieée) susteptibleditaphy/oroggus akeys éﬁitSPén@bagut/@err@gaﬁwnt

pat hogens

bt i bact or FaPTHagar (CLS} ARG REp{eRh- SRy SPRBBERAN hedrie BREE), 1 ¢
differenti &r vﬂﬁdtettntere/mefew tagrapestic aliefrfiaivest Segpeg., dalpat #1od888.. Exp. [ 5]

One pat hog cul nis Costridiumdifficile. C difficile
has becom%&@%—gmgﬁgggqégéoncer n, and in recent years has becone the
most conmon cau[$)e4pré§ptte¢Iwrpmm|smﬂm¢bhtthm:taﬂiahagétﬁasu@as éapto@lycist ri di um
diffici/e- ag B}eated di sease {.reattmenil EF ns art of t boptimal, with
treat nent PP eGfOLNRY ﬁm IR QHGFOENYgS. Mary,RY glergs g)aet ents. In

addi ti on, atBo%hédeébd b edhrdhlyad sy aﬁnbﬁncsil This @kpeswre das tat tonkal |y

devel opi ng. One g dem c strain, (PFGE t iP EI /aBAPl al sq?racal | ed Napl,

ri botype qutegtltor‘,\gip@p ptAntibgeieralstialnsyesisiant 192 PIRAgRPELHUR Yrany ot her
strains. Agnfifistidsn W@Q%@ot@ﬂdﬁiﬂd‘ dlicetivahebs bE b anftsiseetalsed byli sease
continues to increase and virul ent strajns develo

ant i bact er refistafenechanisms @ﬁge'@rthﬁﬁév@ﬁ@c *nﬁtf%ctmwasc@nat@eﬁ@w@alead
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| i popepti de conmpounds have anti b erial activity against a broad
spect r um ofo matet pathogene Mayideyelap ugsistasesserdntermagiots egistansedo thaser i ci | e.
Further, the conpounds of the present invention exhibit bacteriacidal
activity. [ 7] The present invention conprises, in one aspect,

anti bacterial conpounds of Formul a (I)J WO 2010/ 075215PCT/ US2009/ 068747
and pharmaceutically acceptable salts thereof, wherein: Ris: 0 "LA and A
is chosen from al kyl, al kenyl, cycloal kyl, aryl, heteroaryl, and NHRA,

wherein RA is chosen from al kyl and cycl oal kyl . [8] In another
enbodi ment, the invention al so provides pharmaceutical conpositions
conpri sing conpounds of Formula |I and nmet hods of use thereof. [9] In

a further enbodl rrent the |nvent| on prow des rret hods of ITB.kI ng corrpounds of
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[25] "Alkyl," "alkenyl,"” and "al kynyl" can also be "interrupted" by at

| east one group selected fromaryl, cycloal kyl, heterocycloal kyl, 0, S, and
N. woapiolhie2iserm "aryl " or "aryl ring" denotes ar@griiscomads7daal s in a
single or fused carbocyclic ring system having fromfive to fourteen ring

nmenbers. |fewpBRig8 e V@ P LredtiRg alreed f§b’§§t@é§n’i‘@ﬁnéw @Fﬂlﬁéd{eﬁaﬂ) ab@rﬁts td NY
menbers. One or nore hydrogen atons nay al so be repl aced substi t uent

group sel e‘iﬁ"‘é@ftﬂ?e@ﬁle&%%fgmgaﬁﬁﬁaﬁ@ "&6913‘8%‘ ﬁ@“p%iﬂsdk@lt exé‘tti”d@c"%ﬂaﬂ?’?{ hi o,

car boal koxgaiyfRhBONbffer ARG dler Fééaﬁpoacff@la@tat.ese@ﬁ%mhds TR0, thio,

al kyl , al kenyl ynyl , cycl oal het er ocyc 3/ . heteroaryl,

al koxy, ar@qvgkwntmjllcfanﬁpacteeaj|ag@n§;|wmbe@xmﬂte tgmrweigl toftrea 99t gr oups

i ncl ude, heryl . Subsets
of the term ar%%turhf gb%‘%};bﬂﬁ bu{?%rﬁwﬁtgﬁﬁ'@cﬁ%ﬂe%q %‘sgé}ﬁo%%ﬁgsdrg f:éo%rrpound of the
f or nul a: mezmogerme because' helpsthagendaspleseneensipoted to tefmoMeld as a phenyl
radi cal in r tituent
group sel ec%g&?'fl%m%eﬂ{ @é{ﬁ?%g ’963’@PB%?@'?féﬁfrﬁ%f}{?gﬁg‘ﬂ%@@%‘?@% koxy,
car boxy, ceffdmbxqrwssdgamsydaﬁerenha{b% ohpathageris, nitro, thio, alkyl, alkenyl,

LA LSt oS bR et B SRR R Gt e ()

the term' affly‘lleahém@eqmlmaIhUgelpantoemewthmbecmh amcdun(rabentryeatuhm one hydr ogen

atomisr ace n amno oup. One.qr .nore, addi tional ,hydrogen
o o an Brf e i SR ReSe B 8o o ipalins dift it i 2oy

am Bo, acyg/@mrm:m d@&l@?&ﬁso@ﬂbd@ise@bgﬁbtﬁm@ﬁtoﬁmdscmtefﬁ)ey submtm?qy kvl
car poxyam ao ano al O r ox ntro |1 O a en a n ,
ol R it e BTagk tRlta anded bloP et Flabsh inisente SRUAN A sul 1l
sul fonyl, MHnOH#\NWW%V@@M%am%W ONuRdfledné BEStHUaMMEVeloping. Oh827]

Heteroaryl or "heteroar es an aromati c r.adi cal whi ch contain

one to fOlReVﬁEP'QP'@'CaQtEﬁﬁ% %Gﬁ&@r%'/@‘ﬁ%bﬁs%%qlléét'\ﬁmf FBetYPe ORY O5 0, in a

single or Mﬁ‘?/@z*?)eéﬁ‘de%é’fa e mioteWgr e ttiean mBﬁVbﬁ@rBfré‘iﬁkaéQhé mcldehtgen ring
menbers. In one enbodi nent, the heteroaryl I’In? system has fromsix to ten
O

ring menbecpfsC/o@ﬁélumdlﬁfsﬂ%aﬁwaigéﬁlsge%momye% pCrigase apd Aighly \itulent
substitue

car boal Kowy S0 R RENERIbEAR A0t -A0 A T AT IS AR A i
t hi ocar bonyaededl| kyl , al kenyl, al kynyl, cycl oaI kyl, heterocyclyl, aryl,

heteroaryl, groﬁ&)‘éﬁ Tﬂ%%(lrjﬁgg,%\t/\}nt%ﬁ ({rp%/ddre %ftﬂ@b"ob@ﬁgay];ﬁ{)\ﬂ%hﬂIn'c::{?é\”pl es of

het er oar yl pS i nc ation azol yl ,
t hi adi azoylipopepixgucanadaumyis wmxy-rlaa\@lqntlbadaeaalcﬂcywty agmlmbt@zbryad speqtlambl yl, and

P, R U BRI e AR o

"substi t ut @ngounddiontHe” pmbemhnuemtldreéxhnbldba&eqmgfalladtm‘gyl radi cal in which

one or nore hy en, at ons s re a substit sel ected from
ceyl - antno, | addPEne ek NG RRs: n i o Al Bho. hal o
hydroxyl, d¢orhgcundslof Bornadilkyl), al kenyl, al kynyl, cycl oal kyl, heterocyclyl,
aryl, heteroaryl, al koxy, aryl oxy, sulfinyl, sulfonyl,

N sul f onyl car boxyam do, and N-acyl am nosul fonyl and (3) the term
"acyl am no pyridinyl" which denotes a pyridinyl radical in which one

hydr ogen atomis replaced by an acylam no group, additionally, one or nore
addi ti onal hydrogen atons can al so be replaced by a substituent group

sel ected fromacyl, am no, acylam no, acyl oxy, carboal koxy, carboxy,

car boxyam do, cyano, hal o, hydroxyl, nitro, thio, thiocarbonyl, alkyl,

al kenyl , al kynyl, cycloal kyl, heterocyclyl, aryl, heteroaryl, alkoxy,

aryl oxy, sulfinyl, sulfonyl, Nsulfonylcarboxyam do, and

N-acyl am nosul f onyl . [028] The term "cycl oal kyl™ or "cycl oal kyl ring"
is defined as a saturated or partially unsaturated carbocyclic ring in a
single or fused carbocyclic ring system having fromthree to twelve ring
menbers. In one enbodi nent, a cycloalkyl is a ring systemhaving three to
twelve ring nmenbers. One or nore hydrogen atons nmay al so be replaced by a
substituent group selected fromacyl, am no, acylam no, acyl oxy,

car boal koxy, carboxy, carboxyam do, cyg hal o, hydroxyl, nitro, thio,

al kyl, al kenyl, al kynyl, cycl oal kyl, terocyclyl aryl, heteroaryl,

al koxy, aryloxy, sulfinyl, sulfonyl and fornyl. Exanples of a cycl oal kyl
group include, w thout Iinitation, cyclopropyl, cyclobutyl, cyclohexyl, and
cycloheptyl [029] The term "heterocyclyl,"” "heterocyclic" or "heterocyclyl
ring” is defined as a saturated or partlally unsaturated ring containing
one to four hetero Rz atons or hetero groups selected fromO, N NH )I10lI
I deflned for Rx,g, S, or , mhereln Rz |s as in a S|ngle or fused
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Ris: 0 and A is chosen from al kyl, al kenyl, cycloal kyl, aryl, heteroaryl,

and NHRA, wherein RA is chosen from al kyl and cycl oal kyl . [040] In
one enbodwvoento/078215s chosen from al kyl, such as Cl44 al legirjussaolocsis7 Ci . 6
al kyl, and further such as C4.6 alkyl. In a further enbodiment, A is chosen

from al kyl substituted by one or nore cycloal kyl or aryl. [041] In another
enbodi nent, A is chosen from a) unsubstituted Cl-Cl4 al kyl; b) a4-C6 al kyl
substituted with one or more @yclnﬁzl kyl; c) C4-C6 al kyl interrupted by one
or nore aryl; d) Cl-C6 al kyl Bubs ituted with one or more aryl; and e) C6
al kyl int errul%g , | oal kyl . [042] I n anot her

enbodi nment , : {ituted with one or nore cycl ohexyl. In
anot her enbodlnem&, ! » i nterrupC@iHby one or nore phenyl.

I n anot her enbodi [ subsfit@ed with one or nore
phenyl . [043]Qln 0 a) unsubstltut ed Cl-C12

al kenyl; and b fr and R2 is
chosen from phenyiNH unsubstit w | k and 0" whergin R3 is
unsubsti t ut ed C6 al kyl. I'n anojyper enbediHrent, and R2 is
unsubstituted Ca-§7 al kyl. [044] /I n one enbodi nent, i s2n from

a) Ca-Ca cycloalk | substituted é%%Q)one or nore unsubs ituted C1-00 al kyl;
b) unsubst i t ut edNC10- C12 cycl oal ;> ¢c) Ca-Ca cycloal kyl substituted with
C3- 05 cycl 89ekyl ; d) - 05 cycl oal kyl substituted with phenyl,
wherein said p y begj opti on jtuted with one or nore

hal ogens. I n ano [ n is choser from cycl ohexyl and

cycl opropyl, each o mhl y bepsubstituted with one or nore

unsubstituted Cl-Cl® al k%&v I n anot her embodi nment, A i@ Ca-Ca cycloal kyl
substituted with one or e phenyl, wherein sai d phenyl may be optionally
substituted with one or nore chlorine atons. [045] In one enbodinent, Ais
chosen froafd pharmaca')lt'O@H)éﬁWePéQHi%fS?'iﬁﬁ‘éfPwaWW?rﬁ'ﬁsubst| tuted Cl-C8 al kyl: b)
phenyl substituted with OR4, wherein R4 is unsubstituted Cl-Cl6 al kyl;

c) phenyl Bugistituted with cycloal kyl, wherein said cycloal kyl is
substituted withgne or nore unsubstituted G -Ca al kyl; d) phenyl
substituted with|phenyl -CR4., wherein R4* is unsubstituted Cl-05 al kyl;

e) phenyl subst Aedcmwith phenyl, optionally substituted with one or nore
hal ogen atons; and I) phenyl substituted with one or nore Jphenyl .

[046] |In ahds blasearitoou aktnalkenyl; eycisrdieylslard unsieioatd.eandNiR cy ¢l ohexyl |

wher ei n sawﬂ nchmlleéﬁlsehﬁoﬁ\ugssfl awfggg"%“( jh unsubstituted C1-C8 al kyI In
0 en

anot her s p su ed wi th phenyl, optionall y

substituted w t[BOQ]n?n %mtﬂ%{%rgﬁgélmebﬂ%h @9?@1({4%4@”&/[&99@%89??%(3 A I's

chosen from eney -
al kyl ; andcompositionsizontphisimghemedundsi b Eormmutiz tiand riethwids of Ls®RGentefr e R5 | s

chosen from hy n hl.or o, .phen R6 n LS,
unsubsti tuted 2@8% Igﬁﬁg,rtheremﬂ%dl %38?]3 "ﬁve%‘ﬁ ERQ&%!% %hgdggf 'lga‘élﬂgsen from
NHRA, wher edipdthdsof Conaeaa Ifahﬁmhunﬁadmﬁlcallﬁombo@ﬁoﬁ‘ﬁﬂ\eaédfyl cycl ohexyl

;Ete)?l;: tg’;)te ido\rllmafﬂaiwp?n a stlmr)urtef\welrjg%%ballrﬁetn ttﬁg irveniion prov}ales nSBCE U PO 1S

of the compounds of Formula | to treat bacterial infections in humans.

[011] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

[012] Molecular terms, when used in this application, have their common

meaning unless otherwise specified.



substituted wth Cl-C7 unsubstituted alkyl. [049] In one enbodi ment, R |
chosen froma substituent of Table |I: Table | 0 0,1/4,.. "(CHZ)f
(CHZ)fCHSWON(O@ﬂQ)lgOHS k-x(CH2)9CH3 0 O (0-12), CH3 PCT([ISE@PX’@-’B7

0 WO 2010/ 075215PCT/ US2009/ 068747 \:, C)

[013] The term "acyl" is defined as a carbonyl radical attached to an alkyl,
alkenyl, alkynyl, cycloalkyl, heterocycyl, aryl or heteroaryl group, examples
including, without limitation, such radicals as acetyl and benzoyl.

[014] The term "amino" denotes a nitrogen radical containing two
substituents independently selected from the group consisting of H, alkyl,
cycloalkyl, carboalkoxy, heterocyclyl, aryl, heteroaryl and sulfonyl. Subsets of the
term “amino” are (1) the term “unsubstituted amino” which denotes an NH, radical,
(2) the term “mono substituted amino” which is defined as a nitrogen radical
containing a hydrogen atom and a substituent group selected from alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl, and (3) the term “disubstituted amino”
which is defined as a nitrogen radical containing two substituent groups
independently selected from, alkyl, cycloalkyl, heterocyclyl, aryl, and heteroaryl.
Exemplary mono substituted amino radicals are “lower mono substituted amino”
radicals, whereby the substituent group is a lower alkyl group. Exemplary
disubstituted amino radicals are “lower disubstituted amino” radicals, whereby the
substituent groups are lower alkyl.

[015] The term "acyloxy" denotes an oxygen radical adjacent to an acyl
group.

[016] The term "acylamino" denotes a nitrogen radical adjacent to an acyl
group.

[017] The term "carboalkoxy" is defined as a carbony! radical adjacent to
an alkoxy or aryloxy group.

[018] The term "carboxyamido” denotes a carbonyl radical adjacent to an
amino group.

[019] The term "halo" is defined as a bromo, chloro, fluoro or iodo radical.

[020] The term "thio" denotes a divalent sulfur radical containing a
substituent group independently selected from H, alkyl, cycloalkyl, heterocyclyl,
aryl and heteroaryl. Examples include methylthio and phenyithio.

[021] The term "alkyl" is defined as a linear or branched, saturated radical
having one to about twenty carbon atoms unless otherwise specified. Exemplary
alkyl radicals include C4-C1z, C4-Cg, C4-Cs, and C4-Cs alkyl groups. One or more
hydrogen atoms can also be replaced by a substitutent group selected from acyl,
amino, acylamino, acyloxy, carboalkoxy, carboxy, carboxyamido, cyano, halo,
hydroxyl, nitro, thio, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,

4
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alkoxy, aryloxy, sulfinyl, sulfonyl, oxo, guanidino, formyl and an amino acid side
chain. Examples of alkyl groups include, without limitation, methyl, tert-butyl,
isopropyl, and methoxymethyl. Subsets of the term “alkyl” are (1) “unsubstituted
alkyl” which is defined as an alkyl group that bears no substituent groups (2)
“substituted alky!” which denotes an alkyl radical in which (a) one or more
hydrogen atoms is replaced by a substitutent group selected from acyl, acyloxy,
carboalkoxy, carboxy, carboxyamido, cyano, nitro, thio, ,alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, N-
sulfonylcarboxyamido, N-acylaminosulfonyl or (b) two or more hydrogen atoms
are each replaced by a substituent group independently selected from hydroxyl,
carboxy, C4-C3 alkoxy, amino, acylamino, oxo or guanidino; and (3) the term
“selected substituted alkyl” which denotes an alkyl radical in which (a) one proton
is replaced by a group selected from hydroxyl, carboxy C4-C3 alkoxy,
unsubstituted amino, acylamino, or acylamino phenyl or (b) one to three protons is
replaced by a halo substituent.

[022] An alkyl can also be “interrupted” by at least one “interrupting
functional groups” selected from aryl, cycloalkyl, heterocycloalkyl, O, S, and N. As
used herein, the phrase “interrupted” means that an internal methylene unit is
replaced by at least one of the functional groups as defined above. Examples of
alkyl chains that have been “interrupted” with O include -CH2OCHz-, -CH>O(CHz).-
, <CH20(CHa)3-, -CH20(CHz)s-, -(CH2)20CH_z, -(CH2)20(CHz)2-, -(CH2)20(CHz)s-, -
(CH2)30(CHa2)-, -(CH2)30(CHz),-, and -(CH.)4sO(CH)-. Other examples of alkylene
chains that are "interrupted" with functional groups include -CH>ZCHo-, -
CH3Z(CHa)z-, -CH2Z(CHa)3-, -CHZ(CHy)4-, -(CH2)2ZCHa-, -(CH2)2Z(CHz)2-,
-(CH2)2Z(CH2)3-, -(CH2)3Z(CH,)-, -(CH2)sZ(CHy),-, and -(CH2)sZ(CHz)-, wherein Z
is one of the "interrupting functional groups" listed above.

[023] The term "alkenyl" is defined as linear or branched radicals having
two to about twenty carbon atoms, such as three to about ten carbon atoms, and
containing at least one carbon-carbon double bond. One or more hydrogen atoms
can also be replaced by a substituent group selected from acyl, amino, acylamino,
acyloxy, carboalkoxy, carboxy, carboxyamido, cyano, halo, hydroxyl, nitro, thio,
alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy,
sulfinyl, sulfonyl, formyl, oxo and guanidino. The double bond portion(s) of the

unsaturated hydrocarbon chain may be either in the cis or trans configuration.
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Examples of alkenyl groups include, without limitation, ethylenyl or phenyl
ethylenyl.

[024] The term "alkynyl" denotes linear or branched radicals having from
two to about ten carbon atoms, and containing at least one carbon-carbon triple
bond. One or more hydrogen atoms can also be replaced by a substituent group
selected from acyl, amino, acylamino, acyloxy, carboalkoxy, carboxy,
carboxyamido, cyano, halo, hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, formyl, oxo and
guanidino. An example of alkynyl group includes, without limitation, propynyl.

[025] “Alkyl,” “alkenyl,” and “alkynyl” can also be “interrupted” by at least
one group selected from aryl, cycloalkyl, heterocycloalkyl, O, S, and N.

[026] The term "aryl" or "aryl ring" denotes aromatic radicals in a single or
fused carbocyclic ring system, having from five to fourteen ring members. In one
embodiment, the ring system has from six to ten ring members. One or more
hydrogen atoms may also be replaced by a substituent group selected from acyl,
amino, acylamino, acyloxy, azido, alkylthio, carboalkoxy, carboxy, carboxyamido,
cyano, halo, hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl and formyl. Examples of aryl
groups include, without limitation, phenyl, naphthyl, biphenyl, terphenyl. Subsets

of the term aryl are (1) the term “phenyl” which denotes a compound of the

O

(2) the term “substituted phenyl” which is defined as a phenyl radical in which one

formula:

or more hydrogen atoms are replaced by a substituent group selected from acyl,
amino, acyloxy, azido, alkylthio, carboalkoxy, carboxy, carboxyamido, cyano, halo,
hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,
alkoxy, aryloxy, sulfinyl, sulfonyl, N-sulfonylcarboxyamido, and N-
acylaminosulfonyl and (3) the term “acylamino phenyl” denotes a phenyl radical in
which one hydrogen atom is replaced by an acylamino group. One or more
additional hydrogen atoms can also be replaced by a substituent group selected
from acyl, amino, acylamino, acyloxy, azido, alkylthio, carboalkoxy, carboxy,
carboxyamido, cyano, halo, hydroxyl, nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl,
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heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, N-
sulfonylcarboxyamido, and N-acylaminosulfonyl.
[027] "Heteroaryl" or "heteroaryl ring" denotes an aromatic radical which

contain one to four hetero atoms or hetero groups selected from O, N, S,

g——s—g or Ll . in a single or fused heterocyclic ring system, having
from five to fifteen ring members. In one embodiment, the heteroaryl ring system
has from six to ten ring members. One or more hydrogen atoms may also be
replaced by a substituent group selected from acyl, amino, acylamino, acyloxy,
carboalkoxy, carboxy, carboxyamido, cyano, halo, hydroxyl, nitro, thio,
thiocarbonyl, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,
alkoxy, aryloxy, sulfinyl, sulfonyl, and formyl. Examples of heteroaryl groups
include, without limitation, pyridinyl, thiazolyl, thiadiazoyl, isoquinolinyl, pyrazolyl,
oxazolyl, oxadiazoyl, triazolyl, and pyrrolyl groups. Subsets of the term heteroaryl

are (1) the term “pyridinyl” which denotes compounds of the formula:

-
0

(2) the term “substituted pyridinyl” which is defined as a pyridinyl radical in which
one or more hydrogen atoms is replaced by a substituent group selected from
acyl, amino, acyloxy, carboalkoxy, carboxy, carboxyamido, cyano, halo, hydroxyl,
nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy,
aryloxy, sulfinyl, sulfonyl, N-sulfonylcarboxyamido, and N-acylaminosulfonyl and
(3) the term “acylamino pyridinyl” which denotes a pyridinyl radical in which one
hydrogen atom is replaced by an acylamino group, additionally, one or more
additional hydrogen atoms can also be replaced by a substituent group selected
from acyl, amino, acylamino, acyloxy, carboalkoxy, carboxy, carboxyamido,
cyano, halo, hydroxyl, nitro, thio, thiocarbonyl, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl, sulfonyl, N-
sulfonylcarboxyamido, and N-acylaminosulfonyl.

[028] The term "cycloalkyl" or "cycloalkyl ring" is defined as a saturated or

partially unsaturated carbocyclic ring in a single or fused carbocyclic ring system

"22,1?1 H (CH2),CH3 ",\C..

0\
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having from three to twelve ring members. In one embodiment, a cycloalkyl is a
ring system having three to twelve ring members. One or more hydrogen atoms
may also be replaced by a substituent group selected from acyl, amino,
acylamino, acyloxy, carboalkoxy, carboxy, carboxyamido, cyano, halo, hydroxyl,
nitro, thio, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy,
aryloxy, sulfinyl, sulfonyl and formyl. Examples of a cycloalkyl group include,
without limitation, cyclopropyl, cyclobutyl, cyclohexyl, and cycloheptyl.

[029] The term "heterocyclyl," "heterocyclic" or "heterocyclyl ring” is

defined as a saturated or partially unsaturated ring containing one to four hetero

RZ

g | g
atoms or hetero groups selected from O, N, NH, " ~, wherein R%is as

o} o}
e ]
3l
defined for R, ﬂ .S, g or oI , in a single or fused

heterocyclic ring system having from three to twelve ring members. In one
embodiment, a heterocyclyl is a ring system having three to seven ring members.
One or more hydrogen atoms may also be replaced by a substituent group
selected from acyl, amino, acylamino, acyloxy, oxo, thiocarbonyl, imino,
carboalkoxy, carboxy, carboxyamido, cyano, halo, hydroxyl, nitro, thio, alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, sulfinyl,
sulfonyl and formyl. Examples of a heterocyclyl group include, without limitation,
morpholinyl, piperidinyl, and pyrrolidinyl.

[030] The term "alkoxy" denotes oxy-containing radicals substituted with
an alkyl, cycloalkyl or heterocyclyl group. Examples include, without limitation,
methoxy, tert-butoxy, benzyloxy and cyclohexyloxy.

[031] The term "aryloxy" denotes oxy-containing radicals substituted with
an aryl or heteroaryl group. Examples include, without limitation, phenoxy.

[032] The term "amino acid side chain" denotes any side chain (R group)
from a naturally-occurring or a non-naturally occurring amino acid.

[033] The term "sulfinyl" is defined as a tetravalent sulfur radical
substituted with an oxo substituent and a second substituent selected from the
group consisting of alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl group.
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[034] The term "sulfonyl" is defined as a hexavalent sulfur radical
substituted with two oxo substituents and a third substituent selected from alkyl,
cycloalkyl, heterocyclyl aryl, or heteroaryl.

[035] The term “carbamate amino protecting group” is defined as a
recognized amino protecting group that when bound to an amino group forms a
carbamate. Examples of carbamate amino protecting groups can be found in
"Protective Groups in Organic Synthesis" by Theodora W. Greene, John Wiley
and Sons, New York, 1981. Examples of carbamate amino protecting groups
include benzyloxycarbonyl, t-butoxycarbonyl, t-amyloxycarbonyl,
isobornyloxycarbonyl, adamantyloxycarbonyl, chlorobenzyloxycarbonyl,
nitrobenzyloxycarbonyl or the like.

[036] The salts of the compounds of the invention include acid addition
salts and base addition salts. In one embodiment, the salt is a pharmaceutically
acceptable salt of the compound of Formula I. The term "pharmaceutically-
acceptable salts” embraces salts commonly used to form alkali metal salts and to
form addition salts of free acids or free bases. The nature of the salt is not critical,
provided that it is pharmaceutically-acceptable. Suitable pharmaceutically-
acceptable acid addition salts of the compounds of the invention may be prepared
from an inorganic acid or an organic acid. Examples of such inorganic acids
include, without limitation, hydrochloric, hydrobromic, hydroiodic, nitric, carbonic,
sulfuric and phosphoric acid. Examples of appropriate organic acids may be
selected from aliphatic, cycloaliphatic, aromatic, arylaliphatic, heterocyclic,
carboxylic and sulfonic classes of organic acids, examples of which include,
without limitation, formic, acetic, propionic, succinic, glycolic, gluconic, maleic,
embonic (pamoic), methanesulfonic, ethanesulfonic, 2-hydroxyethanesulfonic,
pantothenic, benzenesulfonic, toluenesulfonic, sulfanilic, mesylic,
cyclohexylaminosulfonic, stearic, algenic, B-hydroxybutyric, malonic, galactic, and
galacturonic acid. Suitable pharmaceutically-acceptable base addition salts of
compounds of the invention include, but are not limited to, metallic salts made
from aluminum, calcium, lithium, magnesium, potassium, sodium and zinc or
organic salts made from N,N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, N-methylglucamine, lysine and procaine. All of

these salts may be prepared by conventional means from the corresponding



i 5 A WO 2010/ 075215PCT/ US2009/ 068747 (CH2 )6C H3

1050] In one enbodi nent, variable b of Table I is an integer chosen fromO
to 7. | nwoartv7sasbodi ment, variable b is 0, 1, 2, 3, 2CTAS2@9/068747. I n a
further enbodinent, variable b is 5. In one enbodinent, variable c of Table
| I's an i ngRasy 9"6@%%’1 {émtidhyitRalifg, foRetMSiBahe @ @Urﬁ@ﬂithe\(r@\fe'nﬂ@he cCis
6, 7, 8, 9, S 10 T & further emb g’|ment varragmbc is 6, 9, or 10. In
one enbodiwilnhihe aparapdiglecacid onbashl e 1 is an integer chosen from6 to 14. In
anot her enbodi diior cs8 g,,qe FLr%ore13 or 14. In
anot her errbodiﬁfp)t 5%@@#%%&%%%8 g cangpe Ss © . In a further
enbodi rrentasymneta@ce'bdmaﬁorms)anqgre thas @apa_tse of ew%trm l@rﬂiﬁ)@fﬁé}ﬁppt'@rﬁéri able e
of TabI e | f eis 6,
7. or 8. |S('>r'ﬁe|%rb elfagse{n tﬁ%?oﬁ'ﬁrq?f régéﬂprﬁggﬁgﬁéa%é?nrgmggg? A varl Ies o
f* of TabI@nhpatmdsnﬂtmen‘cmﬂ’ubhycaarberuhtlzggbn tiodh pregantfingentigntas a6singlé one

enbodi nent., each of_var.li anot her
enbodi rrent'sorgg b SraU‘é’F‘ %br#feszer%ocg'%gr éal '?Sos"% Glmr? (e)lbnesnd@'r‘?ts ferrecgsorﬁgrs Pé) In a
further errhﬂdunaﬂtmmbieaﬂemobhemrcal iaoiersacambe separaies tB/cdrweolmnaenbodr ment ,
vari abl e of Table | is a eg hosen f.I her

enbodi rren?me%ﬁ?%laé rega gr thysg ylatigp, crystall hat'zgﬁocfrﬁgg"%;htgjgdr

vari abl e gyptigalisorhBrsaze tﬁﬁﬁtﬁdm@by,reeoartroatﬁfmegracemr@mmturreegecormhgs@n fromé6
to 10. In another errbodr rrené) var |

furt her ernBBYPREANE! PRPSPSSES) rgramgﬁgovfpﬁ"%trﬂy %m&rrﬁ@ﬁ?meoa?%gﬁorye | of

Tabl e | i syadimeRt W@eEN QEMQ acfivadid eF b§se |Eb<éhﬁt§3e§ﬁbabbrﬁimﬁte awidsi abl e m of
Table I is an integer chosen from3 to 9. nother enpodi nent, variable m

is 3, 4, S”CIBde V‘F‘thOB't ligjtatipn, twaac,f@?@%ﬁhreﬁﬁoﬁbmta%h able mis 3, 4, 5,

or 6. In BRIV carfpharliRnit Kid. Takd ﬁuﬂtuﬂe&af@rhstérbeeers &hasen from 8
to 10. In another enbodi nent, variable nis 10. In a further

embodi mentsepagated by erystallizagon folowad bé!rﬁ'ﬁ@'iﬁt'ﬁ@ﬁf the\ﬁ%ﬂ*'P&'M getive Pasedh i nt eger
chosen fr Or%rﬁ thé%e%glté AR BATRGE gﬁcfgégg'l’d?%@bara‘t’éﬁ bﬁ@étﬁ:aprsbﬁeﬂa inBlud€s 7, or

In a further e i ment, vari . I'n one enbodi rrent
varr abl e qthefuse’@blaelhlrah@r@maiOGt@@&ﬁotblm%mlmalwrﬂhﬂs@@tmaﬂﬁ"%ﬁw@?her
enbodi rrent ﬁl&‘d vari abl e
. | cabed LR
gis 4. \égétfec’?n@(@jgeh%t%\rpae?? %'"e&?m%?r Af{aéh%eéw%ts alnn ?Jgt eger cshsosen from
2 to 6. Inofaumuallae’rdrestbt&dxrsmm&rrc nolecdes Byreaqtingcompound@f the iIngention anot her
enbodi nent

[i LS .3 vari abl e
ris 2 or \grth ?R°§ﬁéea?‘¥ﬁ%ed?ﬁ%m en égurvl(%geoqserré'?)lrgnaﬁfl ug‘?ggﬁ sen f rom4 to
9. | n anotTier syentirexsitienedidsteedisoatsre can be séparateddyy cz;nvenmnaﬂamelans audh her

enmbodi nent, variable is. 4, .5, 6 or,7 a iable s
is 6 or 7.89%" W@PMM ﬁ@H?at'OOa?ﬁyatsl“éa?"”o?" s@ﬁmépﬁ |a§g§ﬁ% g&g:hosen
from4 to ®.obtainanoémettiorrdhiediy e compbuadil Thée opticadly aBtrvchoﬁpOL&dsof 9. In a

further enbodi nent varjabl.e is, 4 or, 5..1n on odi nent,. variable u of
Table | is mﬁﬁr‘r”\fer‘i‘f'gﬁé?” EW@%E’?PEW%C{%V ‘itﬂ'z'ngrf’pﬁﬁ%[m Haeqﬁi'V ﬁ%&@?gnent vari abl e
uis 4, 5, mﬁten@ls 8rhele isdherd laaylod inkBe fam dfd frédaciood free basd el estert |

variable u is 7, 8 9, 11, or 14. In a further enbodinent, variable u is
5 7, 8, 90”’6113631f 14. In one enbodinent, variable v of Table | is an integer

chosen from 3 {[038] TJh@|W&|Bﬁblsﬁmb6@‘%olawdoﬁﬂ&m\dsl Andsoldted>, 6, or 7.
| n anot her enbodr nment, variable v is 3, one enbodi nent,

variabl e W@RPOUN refers tasa aﬁmpﬁv%whlctarreer@ﬁerrtﬁ@Meesft P%. sych asRideast _
embodi ment 20%34, aédcfr’a%seat % 58% 4nd RirthBr st o at'lé‘as%@@%"@frthé%%bmt vari abl e

wis 4 or iment, variable x of Table is an i nteger chosen

fromé to gr(esemtnn mmmh@rreemmgde rEwodinent; taercenmoued@pfrarmce@'ca!iy 10. In

anot her e thable y of Table
is an |rr? r %ésif;‘t;r]ubfe:bl(f) ?‘%ﬁar@ac%}%cgﬂg? er erﬁ‘bod.pr??ﬁr?j variable y is 1,

2 3, 4, ocorﬁpound exhiliiser dadattoblier(ent statistically signijicant) antirgicrabyial gctivity a
further enb iable z of
Table I is ﬁ‘%” [E%?éedg'gr(;%g1 %ﬁleoﬁra brbl%g%aféss%ys %ng%g %§P %gﬁ%ﬂ%ﬁ%ﬁ@h variable z
is 0, 1, 2, 3, 4, 5, 6,or 7. In a further enbodinent, variable z is 2, 3,
4, 5, 6, or 7. [ 051] In anot her enbodi nent, R is chosen froma
substituent of Table Il1: Table II Corrpa)und Number R1 2 3



5 7--,... 6 R R 4 8 7.o..--0" 9 10

WO 2010/075215 PCT/US2009/068747

[039] In one embodiment, the invention relates to compounds having the

Formula (1):
Ha

o N
HO,C
NH CONH,
HN 0 o .
HO 00 0 H NHR
N
NH 0 5

o:g NH CO,H %

% N

H

Iz

HN o]
Hozc\_gzo HN
o)
HN\ﬂ/l\ H‘g—\/\NHz
N 0
° toc ()

and pharmaceutically acceptable salts thereof, wherein:

R is:
0

3

A; and
A is chosen from alkyl, alkenyl, cycloalkyl, aryl, heteroaryl, and NHR?,
wherein R is chosen from alkyl and cycloalkyl.

[040] In one embodiment, A is chosen from alkyl, such as C1.44 alkyl, such
as Cy alkyl, and further such as Cy4.s alkyl. In a further embodiment, A is chosen
from alkyl substituted by one or more cycloalkyl or aryl.

[041] In another embodiment, A is chosen from:

a) unsubstituted C4-C44 alkyl;

b) Cs-Cs alkyl substituted with one or more cycloalkyl;

¢) Cs-Cg alkyl interrupted by one or more aryl;

d) C4-Cs alkyl substituted with one or more aryl; and

e) Csalkyl interrupted by one or more cycloalkyl.

[042] In another embodiment, A is a C1-Cg alkyl substituted with one or

more cyclohexyl. In another embodiment, A is a C1-Cg alkyl interrupted by one or

11
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more phenyl. In another embodiment, A is a C4-Cs alkyl substituted with one or
more phenyl.
[043] In one embodiment, A is chosen from:
a) unsubstituted C4-C42 alkenyl; and
b)
R2

X
R4 wherein Ry is chosen from hydrogen or methyl;

and R, is chosen from phenyl, unsubstituted Cs -C7 alkyl, and OR3, wherein Rj is
unsubstituted C4-Cg alkyl. In another embodiment, R1 is methyl and Rz is
unsubstituted C3-C7 alkyl.

[044] In one embodiment, A is chosen from:

a) Cs-Cg cycloalkyl substituted with one or more unsubstituted C4-C+o alkyl;

b) unsubstituted C40-C12 cycloalkyl,

c) Cs-Cscycloalkyl substituted with C3-Cg cycloalkyl; and

d) Cs-Cg cycloalkyl substituted with phenyl, wherein said phenyl may be
optionally substituted with one or more halogens. In another embodiment, A is
chosen from cyclohexyl and cyclopropyl, each of which may be substituted with
one or more unsubstituted C4-Cqo alkyl. In another embodiment, A is C3-Cs
cycloalkyl substituted with one or more phenyl, wherein said phenyl may be
optionally substituted with one or more chlorine atoms.

[045] In one embodiment, A is chosen from:

a) phenyl substituted with unsubstituted C4-Cs alkyl;

b) phenyl substituted with OR4, wherein Ry is unsubstituted C4-C4s alkyl;

c) phenyl substituted with cycloalkyl, wherein said cycloalkyl is substituted
with one or more unsubstituted C4-Cg alkyl;

d) phenyl substituted with phenyl-ORy:, wherein Ry is unsubstituted C4-Cg
alkyl;

e) phenyl substituted with phenyl, optionally substituted with one or more
halogen atoms; and

f) phenyl substituted with one or more phenyl.

[046] In another embodiment, A is phenyl substituted with cyclohexyl,
wherein said cyclohexyl is substituted with unsubstituted C4-Cs alkyl. In another

12
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embodiment, A is phenyl substituted with phenyl, optionally substituted with one or
more chlorine atoms.

[047] In one embodiment, A is chosen from:

a) thiopheneyl substituted with unsubstituted C4-Cg alkyl; and

b) thiopheneyl substituted with phenyl-Rs where Rs is chosen from
hydrogen, chloro, phenyl-ORg, and SRs wherein Rg is unsubstituted C4-Cg alkyl.

[048] In one embodiment, A is chosen from NHR", wherein R” is chosen

from unsubstituted C4-C12 alkyl, cyclohexyl substituted with one or more
‘:’J‘Y\H/NHRG*

unsubstituted C4-Cg alkyl or o} .wherein Rg- is phenyl optionally

substituted with C4-C; unsubstituted alky!.

[049] In one embodiment, R is chosen from a substituent of Table I
Table |

(o]
0
/H\ st_ (CH)CHy
-~
}z (CH)¢CHs
(CH2)CH3
Q 0

'zLL (CH2)gCH3 '-LQ. (CHp)g-CH3
- -

:Ls‘ (CH3)eCH3 \ /

(CHR),CH3

iy
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[050] In one embodiment, variable b of Table | is an integer chosen from 0
to 7. In another embodiment, variable bis 0, 1, 2, 3, 4, 5, 6, or 7. In a further
embodiment, variable b is 5. In one embodiment, variable ¢ of Table | is an
integer chosen from 6 to 10. In another embodiment, variable cis 6, 7, 8, 9, or 10.
In a further embodiment, variable c is 6, 9, or 10. In one embodiment, variable d
in Table 1 is an integer chosen from 6 to 14. In another embodiment, variable d is
6,7,8,9, 10, 11, 12, 13, or 14. In another embodiment, variable dis 7, 9, 10, 11,
12, or 13. In a further embodiment, variable d is 10, 11, 12 or 13. In one
embodiment, variable e of Table | is an integer chosen from 6 to 8. Ih another
embodiment, e is 6, 7, or 8. In a further embodiment, variable e is 7. Each of
variables f and f* of Table | is independently an integer chosen from 2 to 6. In one
embodiment, each of variables f and f* is 2, 3, 4, 5, or 6. In another embodiment,
each of variables f and * is independently 3, 4, or 5. In a further embodiment
variable f is 3 and variable f* is 5. In one embodiment, variable g of Table | is an
integer chosen from 6 to 10. In another embodiment, variable g is 6, 7, 8, 9, or
10. In another embodiment, variable g is 6. In one embodiment, variable g* is an
integer chosen from 6 to 10. In another embodiment, variable g* is 6, 7, 8, 9, or
10. In a further embodiment, variable g* is 8. In one embodiment, variable | of
Table | is an integer chosen from 5 or 6. In one embodiment, variable m of Table |
is an integer chosen from 3 to 9. In another embodiment, variable mis 3, 4, 5, 6,
7, 8, or 9. In a further embodiment, variable mis 3, 4, 5, or 6. In one
embodiment, variable n of Table | is an integer chosen from 8 to 10. In another
embodiment, variable n is 8, 9, or 10. In a further embodiment, variable n is 8. In
one embodiment, variable p is an integer chosen from 4 to 8. In a another
embodiment, variable p is 4, 5, 6, 7, or 8. In a further embodiment, variable p is 4,
5, or 6. In one embodiment, variable q of Table | is an integer chosen from 4 to 7.

In another embodiment, variable q is 4, 5, 6, or 7. In a further embodiment,

17
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variable q is 4. In one embodiment, variable r of Table | is an integer chosen from
2to 6. In another embodiment, variable ris 2, 3, 4, 5, or 6. In another
embodiment, variable r is 2, 3, 4, or 5. In a further embodiment, variable r is 2 or
5. In one embodiment, variable s is an integer chosen from 4 to 9. In another
embodiment, variable s is 4, 5, 6, 7, 8 or 9. In another embodiment, variable s is
4,5, 6 or 7. In a further embodiment variable s is 6 or 7. In one embodiment,
variable t of Table | is an integer chosen from 4 to 9. In another embodiment,
variable tis 4, 5, 6, 7, 8, or 9. In a further embodiment variable tis 4 or 5. In one
embodiment, variable u of Table | is an integer chosen from 4 to 14. In another
embodiment, variable u is 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14. In another
embodiment, variable uis 5, 7, 8, 9, 11, or 14. In a further embodiment, variable u
is 5, 7, 8, 9, and 14. In one embodiment, variable v of Table | is an integer chosen
from 3 to 7. In another embodiment, variable v is 3, 4, 5, 6, or 7. In another
embodiment, variable v is 3, 4, or 5. In one embodiment, variable w of Table | is
an integer chosen from 3 to 7. In another embodiment, variable w is 3, 4, 5, 6, or
7. In another embodiment, variable w is 4 or 5. In one embodiment, variable x of
Table | is an integer chosen from 6 to 10. In another embodiment, variable X is 6,
7, 8,9, or 10. In another embodiment variable x is 6. In one embodiment,
variable y of Table | is an integer chosen from 1 to 5. In another embodiment,
variable yis 1, 2, 3, 4, or 5. In another embodiment, variable y is 2, 3, or4. Ina
further embodiment, variable y is 2 or 4. In one embodiment, variable z of Table |
is an integer chosen from 0 to 7. In another embodiment, variable zis 0, 1, 2, 3,
4,5, 8,0or 7. In a further embodiment, variable zis 2, 3, 4, 5, 6, or 7.

[051] In another embodiment, R is chosen from a substituent of Table II:

Table i
C d
ompoun R
Number
o)
1 W\/\/\
T
; SO
T
3 °W
Y
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pyri m di nedi am ne), PD 138312
((R-7-[3-(1-am no-1-nmet hyl et hyl )-1-Pyrrolidinyl]-1-
cycl opr opy0-2610fd76350- 1, 4- di hydr o- 4- oxo- 1, 8- napht hyri di n@C3ASa000058717 C

acid), PD 140248

(7-[(3R) -BF (TS -t=amnoethylT-I-pyrrolig 1]-I-(Z,4-di fTuorophenyl) - 6-
fluoro-1,4-di hydrpo- 4-oxo-1, 8- naphth ~ lic acid), CP 111905
(5- deoxyr 5- Pf( 2B) - 343- hydr oxy- 42 pPeryT oxy) Pheny1] - 2- met hy1l- 1-oxo- 2-
propenyl Jjam no] - 1, 2- 0- met hyl ene- ned-1 nositol ), Sul openem

((5R, 65)-6-[(1R)-11-

hydr oxyethyl] - 7- oxo- 3-[[ (1R, 3S) - t gt r aliydy o- 1. oxi do- 3-t hi enyl ] thi o] -|4-thia-1
- azabi cylcl oP8. 2. D] hept - 2- ene- 2- caNFOXNWI d)bLiitipenan1acoxyI

((5R, 6R) -3- v S
[[(aninocarbonyi)oxy]nernylj-b-[(iH)-l-ny7 thylJ-7-oxo-4-thia-1-

azabi cycl o[ 358. 0] XV 1 8 % tyl oxy) nmet hyl estler),

RO 65- 5788

((6R, 7R -7-T1(2Z2)F ¢ -g-yl)(nydroxylnlno)acetyllanino
]_

3-RE)-[(3'R)?11-[ -4- t hoxy] car bony1l- 2- oxo[ 1
bi pyrrolidin]-3-y|idenel nethyl]-8-oXo-5-thia-1-azabicyclo[4. 2 0]octl-2-ene-?2
- carboxy] i c acid| nonosodi um sal t

(N-[[ 4811} [[ B86- d| deoxy- 3-0- (2, 6-°

di deoxy- D+ ar abi no} hexopyr anosyl ) - Qx.ar pyreanosyl ] oxy] et hyl ]i- 15-

et hyl i dene—34-3a:4+5-363432-1314; 15 19 28x21-22,28;

29, 41, 42-pct adecanydr 041- hydroxy 12, ydroxyet hyl ) - 1- (hydr axynet hyl
)-22-(1- hydr 8%y- 1} Q

nmet hyl propyl ) - 36- et hyl - 51, 54, 57- t%i [ thylene) 3-(net hyl thio)-

10, 13, 20, RH-38:494-52-55:58-nonaoxox 1 8H27H5a,29=(rnmnoet-hanimmoetihani m no
ethanininoethanin1no[7,2]quinolinox-t'.aoxy net hanq) - 9, 6: 19, 16: 26, 23: 33, 30-
tetranitrjl o606H B3al-|-ini dazo[ 1X 51 . 3, 2-m [ 1,11, 17, 24, 4,7, 20,
27]tetrathi atetraazacycl otriacontin-1- -2 3- dldehydroaldnyl 2, 3-
di dehydroral ani ne| nethyl ester stereoisoner), M cacocidin A
((0C6-26FA)-[(48)- ]

2-1(23)-2t[ (3R 4R) - 2-[ (4R) - 4, 5-di hy0 qsglz-\ ydr oxy, kaPPa. 0) - 6- Pentyl pheny
|- ()

t hi azol ykkappa. N3] -3-nethyl -4-thiazolidinyl= kgppn N3] =2- (hydroxy-.kappa. 0)
-1, 1-

di et hyl e hylgo- 4 ol ec@)xyl at o( 2+. kappa. N3,

. kappa. 04] - Zi nc) , , 6, 7, 8, 8a, 8b- oct ahydr o- 1-
MR) - 1- hydfoxyet hy [( ] n\llfhl ol-azetol 2 1-a}isoi ndol e
-4- carbokylic acid), TOG 39

(1-(2-am po- B3oxoethyl )-4-[[(1 2- am no-4-thjazolyl)
(hydroxy|nlno)aceiyl]anlno] 2- ©4 ab|cyclo[4 2. 0] oct - 2-
en-3-yl]ethenyllt

([[(_Z>_-[2-[[<2s,3 |
azeti di ny| ] ari4no] - 1-acetic
acid), Cefozopran

(1-[[(6R,7D)-7-[r 22)-('-_\ ann1 ')/Ifhlorllazol 3\11)(:’7‘{:{}'}0\

i m no)acetyl]am ng]-2-carboxy- 8- oxo- i a- 1- azabi cycl o[ 4. 2. 0]oct 2t en- 3-

yl | met hyT{ mi dazo[ 1, 2- b] pyri dazi ni um¥nne It), Cefetanmet pivoxil
((6R 7R -V- [gh(2Z)-(2-am no-4-thiazolyl) hoxy

i m no)acetyl]am ng] - 3- net hyl - 8- oxo-5-t hi a- 1-

azabi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid

(2, 2-di net hyl- 1- oxopr opoxy) net hyl ester), and T 8811 (des-F(6)-quinplone).

[ 98] Anti tungal—agents that—may be co-admnistered Wi th one or nore
conmpounds according to the invention include, without limtation,

caspof ungen, voriconazol e, sertaconazole, |1B-367, FK-463, LY-303366,
Sch-56592, sitafl oxacin, DB-289 pol yenes, such as anphotericin, nystatin,
primaricin; azoles, such as fluconazolg, itraconazole, and ketoconazol e;

al Iyl am nes, such as naftifine and t erdsy nafi ne; and anti-netabolites such
as flucytosine. Other antifungal agents include without Iimtation, those
di sclosed in Fostel, et al., 2000, Drug Discovery Today 5: 25-32, herein

i ncorporated by reference. Fostel et al. discloses antifungal conpounds

i ncl udi ng corynecandi n, Mer-W-3010, fusacandins, artrichitin/LL 15&56,
sordarins, cispentacin, azoxybacillin, aureobasidin and khafrefungin

[99] Actual dosage Ievels of actlve |ngred|ents in the pharnaceutlcal



as Aldrich, Fluka, Sigma and the like) and were used w thout further
purification. Deacyl ated BOC- protected daptonycin was prepared based on the
met hod deworotyadsila U. S. Patent No. 6,911, 525B2. POTABROBIOGRTH7
products were typically purified by reverse phase HPLC using a 08 col um.
[0111] AnatytTcal HPCC conditions foOr ononi tori ng the reactions were las
follows: Waters Al liance HPLC syste it -SunFireTM C8 (5 um 4. 6x150 mm
col um usji ng ﬁn i pcreasing gradient . g N0 to 90% B in Ain 20 ffin
A=0.01% TFA i [er; B=0.01% TFA |n acet of

HPLC condj tions fopr purity tests were as foll
systemw th SunFifeTM C8 (5 urn, 4.6x150 mm
gradi ent (eg, 3pto 50% Bm AT 20 mmn,
TFA in acetonitrile). [0113] Prep
HPLC systlem W'th BunFireTM prep 08 Y

ile). [0112] Anal yti cal

Waters Alliance HPLC

' um using an i ncredsing

OFp TFATTH water; BH0.01%

PLC conditions: Varjian Prep
m 19x250 mm) col um [using an

Ain 20 mn; A=0. 01@6TFA in

increasing gradient (e.g., 25 to 4
wat er; 6=p-01%FFA—h acetonitri!c) A4 —Cotpounds—oef—the—present
i nventioni can be prepared according to gdur es described in [US

Patent Nol 6,6811, 525132 , which isgnc yraned by reference in its
entirety,| and/ or as detail ed bel ow [0115] Referring to Reacftion
Schenme 1,| Step 1, | Deacyl at ed BOC- pr6t ect ed dapt omycin (see U.S. Patient No.
6,911, 525B2) is tfeated wth a nodifying agent sefected from conpounds
having the fornmul ae 101, wherein LG is an gt e |l eaving group, or
202. The yea®9i on|of an am ne wth g , as defined herin, is
wel | known to those skilled in the exanpl e, treatnent of
Deacyl at ed BOC—pr)tected dapt onyci; an activated ester, |actone or
aci d chl oftrde;—foltowed—by renoval protecting group (Step 2)} vyields
conpounds| of _the present invention al kyl, al kenyl, cylcoal kyl,

aryl, or heteroaryl. Aternatively,™ Oi51eacy|ated BOC—protected
daptonycin wi th an isocyanate, such as a co having the forrmulja 202,
fol |l oned removal of the protecting group (SteFR), provides conppunds of
Formul a | jreln Ais [0116h I n one=e di mgnt, the activated ester
i s a pentafl dorophenyl ester (PFP-epte : gor ophenyl (PEP) esters

wer e prepared by treatlng a carboi?llc aci
acyl at i ngragent—such—as, but—mot— T ted
in solvent such as dlchloronethane (Syn
[0117] Acy| chlorides were prepared byOg
reagent such s, but not limted to,
with catalytic DMF, in solvent such as'di
conpounds| of Formula (1) where Ris ( C
of
N-{1-[(E) 3= hen t T 2=Enoyd P I~ L- a- asp
artyl-L-threon ‘r éﬁ %’¢oﬁ%§ﬂn#rﬁlﬁdcp|ﬁﬁﬁf Wué%&lﬁér{ #%b%léa?r% Mémaf;aggalp%/yl gl ycyl -
D seryl - (SFEﬂQHhEthyI L-a- glutanyl (aS)-a, 2- dlanlno y oxobenzenebut anoi c
acid (13-*A\ | actone—(49)—-Step—t—Preparattor—of—(E=etthyt

3- (4- pently enyl) but - 2- enocate (1002). R [0118] A m xture of
commer ci al ’gmﬁvallable 1- (4- pentyl phenyl ) et hanone (5 g, 26.3 mmol) and

(ethoxycarbonélnethylene)-trlph YL RhasPh n 39, 52.5 mmol) was
stirred at 15 for 48 hours u r a nitrogen atno phere. The react|i on
m xt ure s cooled to anhient tenperature and diluted with ethyl acqtate

(50 nmL) &and petraol eum et her (2003 was filtered through a
fritted flunndl. The concentrate |Itrate was purified by flash col ym
chromat ography wijth silica gel (petroleun1ether . ethyl acetate = 8(Q:1) to

give the title conpound (1.6 g) having the foll ow ng physical data: 1H NWVR
(300 MHz, 5, CDCI3) 0.90 (br, 3H, 1.36 (br, 7), 1.63 (br, 2H), 2.58 (s,
3H), 2.63 (br, 2H), 4.22 (q, 2H), 6.15 (s, 1H), 7.20 (d, 2H), 7.41 (d, 2H)
Step 2: Preparation of (E)-3-(4-pentylphenyl) but-2-enoic acid (1003).
[0119] A solution of conmpound 1002 (1.5 g, 5.77 mml) in ethanol (50 m)
and 3N potassi um hydroxide (25 nmL) was stirred at 45 C for 3 hours. The
reaction m xture was concentrated and %ﬂe resulting residue was diluted
with water (50 nlL). The aqueous sol uti was acidified to pH 2 with 1IN
hydrochl oric acid and extracted with Et0OAc (2 x 30 nlL). The conbi ned
organic layers were dried with anhydrous sodiumsulfate, filtered and
concentrated. The residue was purified by flash col um chronmat ography
(silica gel, petroleumether : ethyl acetate = 10:1) to afford the title
conmpound (0.95 g) having the follomjng physi cal data: 1H NMR (300 MHz, 6,
CDCI3) 0. 90 (br BFD 1. 33 (br 4H) , 62 (br, ZFD, 2.60 (br, 5H), 6.18 (s,
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Exanpl e 2b Preparation of

N- (4-octyl benzoyl)-L-tryptophyl - D-asPar agi nyl - L- a-asPartyl L-t hreonyl gl ycyl -

L- or ni t hywebkew/@spartyl - D- al anyl
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aspartyl - D?ﬁ?anyl -L-a-aspartyl seryl- t hyl - L- a- gl ut pnyHas) -
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NH HO HN O - O HNH2 [0131] The above conmpound was prepared in a
simlar manner as described in steps 3-6 in the preparation of

N-{1-]( E)we-zom/qasmSyl phenyl ) but - 2- PCT/US2009/068747
enoyi | | - trypt ophyl D-asparagi nyl -L-a-aspartyl -L-threonyl gl ycyl -L-ornithyl
- L- aaspartyt=batanyt-t=a-aspartyrgrycg=0-ger yI - (3R - 3-met hyl - L- a-gl ut anyl

-(aS)-a, 2- am N0- V- oxobenzenebut-ang @ Wctone (See Exanpl e
1), except cially avail aBy @ Lyl bi cyd o Z. 222] cnt ane- 1- cay boxyl i c
acid was|used in|the place of (4 - (4- pentyl phenyl ) but-2-enoic acid. M5
Mz 16727 (M= H . _Preparation of compoUngs of Fornula () whereip Ris
0(CH2) zCH3 @ nple 5 Prep NG
- (pent yl'oxy) bi pheny1- 4- car Rony t rypt ophyl - D- aspar agi nyl - L- a-aspartyl -
L-t hreonyl gl ycyl {L-orni t hyl - L- & aspartyl - D-al anyl - L- alaspartyl glycy| -D-sery
1- (3R) - 3{methyl-L-a-glutanykasS) - a, 2-di am no Y- oxgbenzenebut anoi ¢ ac| d
(13->4)-llactone (61) [0132] The above=s d was prepared ip a
simlar nman as described in steps;Z3 i e preparation of
N-{1- RE) {3- (4- pentyl phenyl ) but - 2-Q
enoyl I | - L-trypt ophyl - D- aspar agi ny}- L-a aspartyl - L-t hreonyl gl ycyl - L- prni t hyl
-L-aaspantyl -D-alanyl - L-a-aspartyl glycyl -D sery1-(3R)-3-nmet hyl - | - a- gl ut anyk
aS) - a, 2- di am no-y-oxobenzenebut anoic acid (13-. 4)-I act one (See Exanple 1),
except commerc I ovad aci d was
used in the pl L@éé; omaa(%'llhgp%%bé H{QRF%%C ?%%P rB%%;%%qséf%@Fd IVIISéIRInk 1732.8
(M+ H. Té0e2910/075215PCT/ U82009/ 068747 Preparati on of corrpounds of

For n"ul a | \ _vwhor R o { CLI2N" O

FeH-A-R+s—(CH) a0 Exarpte—6 r‘lcpdldLIUll of

N ( 4- hept c1l°{“ﬁc|’u(')1phene 2- carbonyl) - L-t rypt oPRyl - D- aspar agi nyl | - a- aspartyl -
hr eonyl gl y&ymbgr- gr ni t hyl - L- a- aspartyl - D-al anyl - L- a- aspartyl gl ycyl - D{sery1-(
3R) - 3- net hyT -L-a-|gl ut anykasS) - a, 2- di am no-y oxobenzenebut anoi ¢ acid (|13-4)

| actone (43),, Step 1: Preparation f g i ophene- 2- car boxyl ate
(1015) 3?[ 0133] Thionyl chlori de g nm, 12%7mol) was added sljowy to
a solution of 4-Dbronothi ophene 2- chatrboxyllc aC|d (5.0 g, 24.2 mol) jin

et hanol B9+ —at—roomtenperature—The nExture was warmeg up to
65 C and|stirred [for 4 hours. Renoval vent and excess reagent |under
vacuum af forgled the crude productets A onot hi ophene- 2- car boxyl gt e
(1015), which was| used in the nextlistep without further purification. Step
2: Preparation of| ethyl 4- (hept 1- 9ny|)th| ophene- 2- car boxyl ate (1016)
[0134] A'reactiggpm lohs dPVF (50

h) . copper (|)[ ha Agﬁr‘t'rzé?o%j]e&gﬁm@iﬁ%nﬁ%}si% ér%r@ﬁfgﬁleoéﬂ%@nm1 0 mol)
tri et hyl arformeulé@risCcompristeg). @)nnpmln)is disglosed herein, orsalts thereof.

tetrakis(triph 7 s stirred at
65 C for 2 houiwézl R?ﬁﬂ%%g%égﬁ Hﬁ%g%ﬁ%%%ne?%{odﬁgpatm%ré@’?ert but yl

et her (300ntr)enoas, intdaledsdutart hlaaboummouanr parentera) mnl{sﬁé’ﬂ%’rf@bh@l tati on was
removed by filtration cl h saturated
sodi um chItB?raBSUt'cd?r %8p®8§$t cr}gégmgﬁtﬁwéﬁ%ﬁg 8% éhgﬁgs\ggﬁ[g\g%?ﬁgg té sLnder

vacuum The cr qolsﬁ]bn'bwphanrhacmiacaiweﬁarambnmchécldsiedst‘rer@nInna}ab@mepamionat ogr am

th 0% -45% Et 0A hex fford h
§/\r,1\ny| )t hi odH@ﬁ‘éoréa'&"zer‘BEW%&?@r‘%&rS‘i fUrgs’ g §§ ¢ YmifistIER ke é??ageiﬁ‘%ﬁ?(soo
MHz, 5, C@Iéﬁed)to&%d(lée pd&lent br alﬁ}nlhal@ﬁn(eﬁtlorﬂé)ae, d g5 Remibgioplsy 2H), 2. 36(t,
12. 4 Hz, PF]epar ation

of et hyl e fpﬁ;maywtm b%ﬁ'éﬁ%esz%ib“(dfwﬂaﬁCPW?Y(EQS"W‘FDP%T%%F égfnﬁal | adi um

on carbon 4 Gfmal's "hse aﬁlﬁlm@bdegtné’almbmtdfmhem‘pegmoma@amwrégs Newg, 23.7
nmol ) in nethanol (100 . The reaction mxé was _Sti rred under a

hydr ogen anPﬁSs'HTﬁeWé cpmte&%wf wigeh gre ingerperate, erleghlayf FeSerenf% e was filtered
through c ﬁe?a@'égcr‘iﬂir%n%lf%?é némdd%'f&*hdfﬁﬁustéhﬁge/ahé@é attirioboial wgentsm t o gi ve
et hyl 4-he | t hi ophene- 2- car boxyl ate (1017, 80 Q) V\:hl ch was directly
used in the ef%@néheéﬁp)(/)ﬁthout further purification. Rf = 0.78 (10% EtOAc in
Hexane). Step 4: Preparation of 4-heptylthiophene-2-carboxylic acid (1018)
[0136] A solution of lithium hydroxide hydrate (1.20 g, 28.3 mmol) in water
(50 nL) was added to a solution of conpound 1017 (2.4 g, 9.4 mol) in THF
(50 i) and nethanol (30 nL). The reaction mxture was stirred at room
tenperature for 12 hours. After removad’ of organi ¢ sol vent, the aqueous
solution was acidified to pH 4.0 with 6 N hydrochloric acid solution and
extracted with Et OAc. The organic | ayer was dried and concentrated to give
4- hept yl t hi ophene-2-carboxylic acid (1018, 2.1 g) which was directly used
in the next step without further purification. Rf = 0.03 (10% EtOAc in
hexane). Steps 5-8: Preparation of

N—(4 heptylth| ophene 2 -car bonyl) L tryPt oPhyI Dasparagl nyI L a- aspartyl
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1020 * H2SO4 (conc.) MeOH Step 1 COOve Br s COOVe 1021 THF, MeOH, H20 et
Pd( PPh3) 4, Na2C0 tol uene, BOH, H20 Step 2 S COOK 1022Step 31023 (4)
(COCl) 2 (WP 2bwaoyiiat ed BOG protected daptonycin (6) TEAPCT)S2MPAO6EmDONat e
resh CO2H 0 OHO2C O NHHN co2H 1 NH Hsc, 0 HN O O HNH2 Step 1: Preparation

of met hyI >° b\rl\gﬂ“ﬁ] mr%oﬁ?d?ﬁlage%ap%b@étﬁ)n@%aJebmprlse one [oP #dB¢ oG@BCeNt r at ed

H2SO4 added to a solution of 5- bronothi ophene-2-carboxylic acid
(5.0 g, ZCQmpﬁﬂMS)dlﬁfPi%ﬁﬁ'F\%(ﬁ@lm@f@QP‘ﬁﬂoﬁ withne BRIt % ur e was heated to

reflux for, éﬁ‘né&ﬂ[néallg c%@{)taﬁ r dnr@staﬂd/%mlhf‘é?ﬁs hedreeadlvdrits ahdyer r eacti on

m xture S concentr ness. The residue was dissolved in Et0OAc (60
nm), washeucipients. ﬁau&@twe@otﬂ\emhr@%q pbaapaceuticalivtacceptalles@ifat ed sodi um

oot~ B ar Mt i eRKe LiRRING Ao asEL Sbatralthg SOl L] o7 vas

concentr at e conp CDClI 3, 300 WMHz) 5
3.90 (s, (%iﬁ)lfun@al%eﬁtsll‘so(qnlc amq absarption7desayingiagenty. anctthp like, thatasar at i on of

mixture ot otbApDRMA s AR eB SargnERRRR g deoeh meda and (I C7 ol

(5.4 g, 2&géntyrfor pharmadeunmauyaaumeaHLQSKaﬁcﬁ lgweﬁlfknbwmmlt eart

SR BERRER AT B Bl P e PP b, 55, 20

u nder Ni NG satriovs phrcrcﬁ;rysmw esliutdsenkauling maenitasdicadledhosplaatei ent

tenperature, and extracted wit chl oro Ihane 2 x.250 conbi ned
organi c | SPEE gllerdepr @96‘\/%‘?(“%% Wﬂﬁmﬁys‘iﬂ"?aé‘? 8{08%%?94@593 and

concentr ats%d:uﬁﬂ%éro\é%@téﬂme égﬂﬁloé@sddﬂruetam spdiuif stedhlayydolats bnd Bigomat ogr aphy
with silica 5% Et OAc i n hexane) to give conpound 1022 (5.0 g). 1H NWR
(CDCl 3, BW‘CR/I—IZ) 6 3.92 (s, 3H), 7.32-7.49 (m 4H), 7.62-7.80 (m 7H). Step

3: Preparati onpgyg] STARLINIRHNS tHathh bRIiSdhReard seatiaomethyceddlbse, ( 1023)
[0140] A sol ut| on of sodi um hydr oxi de in water nL) . was adged to a

2N, 5
suspensi orﬁ@ﬂ%@@fﬁ@%@ﬂ%"%@%Pg‘)’V'MﬂPW‘PHﬁ’BP? nglwdfqaqp (@@r%ypr%y met hanol
(50 ni). hgeaﬁﬁas%nsﬂérasgélrs%ar\e%n@temy@ﬂulageroom tenperature for 14 hours

and then concentrated approximately 1/10 of its orlglnal vol ume (15 nm).
The concent r at 869 ol-uhricent @tQﬁ!]QBs@%QS{’ ipgugg-magResidMnyear Rt RIS

nydr 0ch! o1 Gtk PALI 0 Atk SiobAE TG, W aBedlofl whd cBlo@Piagd et hano

(7:3 rati he organi’c |ayer was dried over anhydrous sodi um
sul fate, filtel@e]aRdvoingagentasech avpeppeeminkeoilcd widiaraieazBere. 7 g). 1H

NNR (Gl %l?v @%W%H&g %? alsodb% #%d :H_Qwa ZBé%Jde?ﬁaﬁl@to %Eﬂiacglo@%g7 64 (d,

7.71 Prepar ation
N45 ( bi pheaneht tb-mbRd fmeajnisegefcmmmotmagdtrhetrctlm apperpante O-tad1ekr idgntify| - L- a- aspa
rtyl-L-thr onyq@fl%cyl -ornithyl-L-a-asPartyl - D-al anyl - L-a-aspartyl gl ycyl -D
-seryl-(3 L- a- gl ut anyka$S) - a, 2- di am no-y- oxobenzenebut anoi ¢ aci d
(13-4)-1 actone[n)eiq) For oral of fekddteral Iaelrmbsivaiiouocmopmmm threpeaedd in a

i,l_ Enll ?E E)rmig\p%zlogzﬂg ?,)E%llé%g M hd:pn\éerﬁlonal pe?ma'rrgaE[:ehuEtllcglrcearllf’ilér‘fé-l n(arlexefplents

eEOW I'1-L- éﬂdltig_e@r?rhﬂ%ﬁf@rrﬂ%mmsgbdpshfea T’.&g?,rmberhsmm epnmpsgdvgfle;d ard olr n![ t hyI1
- L-aaspart al an a- aspar cyl-D-s -L-a-gluta
(2= A thelie, ok CoBRaS M LRI ComER g Sy NeRIpB R BB B Sl o
1), exceptfam abbutme%wéaﬁom Qg%lbgnmgmn?trfeaédmwbmoaﬁd Guche@spound 1023)
was used in the dpl ace of pentyl phenyl ) but-2-enoic acid. M5 nifz

1728. 7 (Mabodf 10% tvxebszetﬂﬂ%wzlspcw US2009/ 068747 Preparation of conpounds
of Formula (1) [#6A" £bPofl Lise, solid formulations such as tablets and capsules are

useful. Sustained release or enterically coated preparations may also be devised.
For pediatric and geriatric applications, one embodiment provides suspensions,
syrups and chewable tablets. For oral administration, the pharmaceutical
compositions are in the form of, for example, a tablet, capsule, suspension or

liquid.
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Exanple 8 Preparation of
N44- (4- (hexyl oxy) phenyQ hi ophene- 2-car bonyl | - L-trypt oPhyl - Da spar ag
i nyl - L- a-\ieoparoogb21-t h reonyl g | ycyl -L-orn ithyl-L-ct-agpasgeooDesr47
| anyl - L- a- aspartyl gl ycyl -D-seryl-(3R)-3-net hyl -L-a-gl utanyl-(aS)-a, 2-dianmn
0-y- oxobenzene ?”ﬂi&pl@é?h@cédtﬁ:a%orh@é‘élm ri@B8de mad@in theHdrmPolNgHN HO2 CCO2HL
"PANH H ft.HO OA r, --N =0 11INH2 58 Step 1: Pr tlon‘%;l
4- (4- (hex 108398 wb?entqlﬂwe@pqaef?@ezm\lvﬁéfﬁa oyrt g5 @ffe ctive ingregion; A
m xture Of,GRPER distth a¥sadeAi éeémglaﬁwbpméwlmﬁﬁéwage@m d (25, 5.55 g,
25.0 mmol ), 4-Dbronot hi ophene- 2-car bal dehyde (5 25@3
tet r aki s(tnurmﬁythgrtﬁié@tmaﬁ\é)caawlaﬁwbw{\csaan(cene"g in ‘i@or?ﬁ?oth? acy\@ uene (25

et h?@é?léﬂrﬁ gﬁ\} erf8fa123 %‘Pé‘§uc°fP£’é biftiRg'agenat f’er@%a Ie2§céﬂfé yas stirred
under refl i hours un er a nitrogen-atnosphere. he reac ion mxture
was cool e@etaﬂnapw\ewlpyreq‘«penetaw@toérmtrlaﬂecemfmétﬂa@ fagpepmples Calgilfact ed with
dichloro &£ n &9 shed with
sat ur at eg%ij(@% Yo dé&%?OH% &gﬁ'& r| e gr\r/ge@réns%ﬁjebzlfﬁggg fate. After
filtrati orexamgle; oTRgeRsiuat stearate, polyethytimergitost, isdicaverdalgudisiniagganig, for
recrystalljz on h afford
the. compottid bz B0l Bef ey @R HloREl gL BTcdEbiabiE ettt e
4- (4- (hexﬂrakmmwmyhbanbnsgbwewareanlu@(fprmcofaquebL(sjmzmy solutlons[ 0143] A
m xture of silver ni 73 g, 6
ol ) et RURBTNSESS. myeing: aytes e Bla TRear P dte uRlf =Y v Yas )
was stirr egngiin déhvenfiotal 3dbth§swh(hst§lSpe@ngmgd1tw erhulwaylmag agert§ ). The

aqueous phase was washed with et hgl :1\ tate q d% and acidified to
pH 1 wit h "PR-3YGRER TR B RIERFUFVES aty A ELFIRTHR] Vé’”Q&L?@SU@ sol ution was

ext ract ed Ndrlifitig@A@n{plesofQitivbs forligeidqreiratshsingade acadkasdaonere dried
over anhydrous sodiumsulfate, filtered q?q{nlg aigncent r at ecil¥t 0 _Yyield conpound

1027 (1.5 % et alephpkdragienatad peeanuj ol COSEPEPPAIIYIEEDNt £ urt her

f t 31-1. 30 6
EUZSES '?na 'rﬁ’/ﬂrogeh‘at'ﬂ%!%d(@@?thTB(gthPl(V[ﬁ%tﬂ)ﬁ)ceﬁJIQHszeg?rﬁé’fhylfﬂr'b(rs%pljid 1L X 7(32 H)H)

8.05 (s, XErajydrezybemzoate, Q'HPY'%SQHF?‘ sQHOl RE $roicRGiths 3-6: Preparation of
N-[ 4- (4- (hexyl pF@rﬂMﬁ%{ErBHQ‘FIWugectﬁé%ﬂﬁ%é@euﬁééf@b%@%hor@céﬁ@ér aginyl -L-a

-aspartyl-L-threo L-ornithyl -L-a-as art?/ D-al any] -L- a-aspartyl gly
cyl - Dser;dlSS(OB/R}i%Sm lediin anyyp{tharoeyias)y bsed infraveneusflugeshEnz enebut anoi ¢

aci d (13- 4 lactpen | pRls; sion IntraLng‘tlJ@]ﬂgUée?n@@d%%vn‘l:lB[mWféiio\‘Vas prepared in a

sim | ar manner as descrl ed in reparati on of
N- (1- [ ( E) -Bwéidlogeat ycthmlae}n)ﬂu)gnﬂs-szlutlon Intravenous admlnlstratlon may be

L1 - hyl
L naspar FPOBPIHRE R G Mo APRBE MiyoupigtbeRPlaiiorsie - 1T L i
aS) - a, 2- di am [@65]- Bradereatied compositorofdhis Iidenfion futpanentésbinjeciampl e 1),

t 4- (4- | th d 1027
s sed_ PGS prage e pay BB R esE R, FoR eSS SRR s e
(135_5) 7CI({I;/Idtsdd)'§rons Buestmns;D;teoriul@g?mamwdH; aebtelfite pawderé fgr wherein Ris
N44- (y4 héﬁ&%‘i’@n&“%é}&ﬁf%@% 5 16 PRI AR ST PRAT R Y88 aspart yl - L-t h

reonyl gl yCEAlanipléwﬂ stdmbrelaq@eaasoamd Mbnmbasmbmbradm@as tsphvgingscorl dD seryl- (3
n0| aci

(R)133421T;Et Pé’léé“t?ﬂfé 8@5@3% c%l@amo o a 0 o OX nfenﬁbm XSPF\&?ir HHN CORH OH
HO2C 0 H propylene glycol, and polyethylene glycol), and suitable mixtures thereof,
vegetable oils (such as corn oil or olive oil), and injectable organic esters such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating
materials such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants. The compositions can include

various buffers.
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0, NHHN) CO2H 112C-"rNH H /.. O HNAOCiN.r.N.-0-1" = 0 HNH2 [ 0145]
The above conpound was prepared in a simlar nanner as described in steps
3-6 in thwopewpasasi on of N-(1-[(E)-3-(4-pentyl phenyl ) beCTArS2009/068747

enoyl I | - L-trypt ophyl - D- aspar agi nyl - L-a-aspartyl - L-t hreonyl gl ycyl - L-orni t hyl

- L- aasparty' [Io%bf‘nbﬂeee can@eeﬁbﬁydnamérswcoarastewhvérage)suawaet hyl - L-a- gl ut anyk
aS) -a, 2- di am ho-y-oxobenzenebutanoic acid (13-4)-1actone S Exanple 1),

except Coﬁfﬁ.ﬂemaév¢%l welting %Qﬂﬂés emuisifying,agepts) 8?\%5??9?'@@92?99@ Ywas used in
the placeqol, 4&) acht lfh R r]a}rﬁi%ou%té?feﬂing a@@hé whehrdr@ wbﬁ36 8 (M+
Y iy

Ht. Preparation o Formul a ( wherein Ris anpl e 10
Pr epar at i gnowti in the art. Preventlon of the action of mlcroorgamsms may be ensured by

N- | od
oyl - L ol RPN e R e R e 3y -5 e

E%I) I’;IH; ﬁggrmwam a@)d Fmeﬁohhcmlmcraokdy-lmabéh,@mtralﬁl@ﬂ@n’g:@yd& iat30ia) - | act one
%tg\;gq&_%ﬁﬁ%%ya% odidnTEH ddi\'n g spédlfé‘%& Nk EBRrEN O ONN NH2 28

[ 0146] Th&% was prepare nner as described in
steps 3- Ginjectatiie ppeemeamcajrﬁomi rri!dy(oe HroEht 3bout-yethe yrgiuséaryof)agents2 -

enoy1l)-L- S | gl I

-L- aasparﬁ"ﬂt}\‘%\%egg%%?ﬁor t'oé'pg‘g é‘f’ )}J@ﬁ]o&%éttex aié_?gg)g E]%{re?hgfyL zI; g[ﬂlt ;%:

1§ aS) ct, 2t di afuery- Iyijlelote@lmdeplmﬁmfsm:tredragddbﬁ fiBmig Mmiaceencap$batingEx anpl e
except commerci a i

the bl ack e 40 drbeR BB RGP PR S Sr L o el ks 9L EallBs (Wt "

lp; lez)ar Z[ ?g%rpghumg uRbn GRNREY M aruef tofpelymerandithe nhreoith& pagiculaExanpl e 11

NL4- ( 4-i sOHEIRFIEHHeNAC) thetrakosfidrug releqss: GBrRA cantraled:, BXFRYES PL gk par tyi - L-
t hr eonyl 9'bvd‘obébréeaere%dWérshnéu@ép@g(fowho&tadsaaudj pbWM$aﬁdésyl Depoty| - D-sery1-

(3R) -3-nethyl -L-a-gl - di am no- y- oxob e zenebui'anm c acid

(13-4)-| a¢mje¢iébl@émnulatl°ns 0901&!1573] berprepatsshRy %WBBWH& SAUGIP IBITXEES n a

ill- E"ll ‘["IE 5. ?f?%m%@#% r{é"ﬁ;@q dré céhEQ@olgmﬁth'dey hesuysepar ation of

enoyl I | - L-t ryplQ88hy hW%@fWBﬂQD%C%bﬁﬁW“Z@a foe8mpiggPYcyl - L- or ni t hyl
- L aaspar B‘Q't atBn"i"rlu%[] lkalba@fe"f‘lép%ﬁé[%nglﬂﬁéﬁ’ br Py ?rm"cbbﬂorétﬁ@st&h’iﬁ%ﬂbdenislﬁ gl utanyk

no-y- xobenzene -4)-1actone (See Exanple 1),
except corﬁn@fommaoflsyerwamlldaaﬂnepwt(ons,l\&faiplﬂ@Wbﬁﬁé‘ﬁ?'ﬁ'?%@f diseersedd? d was used

' n the Pl a6 %6%%@}9?8(1%”{3?3%?‘[3 %@%&%ﬁy%gﬂh s fo 8€s d- M5 miz 1654.7 (M +

ona unds wer'e produced using procedures
SI m | ar tloI t hoﬂmajeSolrd teechga orves ﬁonoakadlmllwraﬂonindud@rﬁapﬁeleédﬁb@éﬁpond| ng
conmer ci a avall abl e car boxy I re
converted H%t BO‘@ﬁj?rﬁe?nq %@ng%ts \#&%gi&rb‘%ﬁhag[ﬁ glru{agrf e hgg?/l[@%lﬂf o'\r,\?de as
i ndi cat ed digintéghite qMckipéntheraratevironmbnt He sDetasgﬂded@cagB@zmm tteect ed

daptonycin, foll d | t : _
e e

pharmaceutically-acceptable excipient or carrier. Suitable excipients include, for
example, (a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid; (b) binders such as cellulose and cellulose derivatives
(such as hydroxypropylmethylcellulose, hydroxypropylcellulose, and
carboxymethylcellulose), alginates, gelatin, polyvinylpyrrolidone, sucrose, and
acacia; (c) humectants such as glycerol; (d) disintegrating agents such as sodium
starch glycolate, croscarmellose, agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodium carbonate; (e) solution retarding
agents such as paraffin; (f) absorption accelerators such as quaternary

ammonium compounds; (g) wetting agents, such as cetyl alcohol and glycerol
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Compound # activation nmethod 5 PFP ester 6 PFP ester 7 PFP ester 8 PFP
ester 9 PFP ester 10 PEP ester 11 PFP ester 12 PFP ester 13 PEP ester 15
PFP est erw00HRP5HSt er and acyl chloride 19 PFP ester amdTasgéooobd7ari de 20
acyl chloride 24 PFP ester 26 PFP ester 27 PEP ester 29 PEP ester 31 PFP

ester 32 RigRostlfdte Fafly asiulestdtd 6f $d¥Bitan, poloxamers, and polyethylene glycols;
(h) absorbents such as kaolin and bentonite clay; (i) lubricants such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof; and (j) glidants such as talc, and silicone dioxide.
Other suitable excipients include, for example, sodium citrate or dicalcium
phosphate. The dosage forms may also comprise buffering agents.

[070] Solid dosage forms, including those of tablets, dragees, capsules,
pills, and granules, can be prepared with coatings and shells such as functional
and aesthetic enteric coatings and other coatings well known in the
pharmaceutical formulating art. They may optionally contain opacifying agents
and colorants. They may also be in a form capable of controlled or sustained
release. Examples of embedding compositions that can be used for such
purposes include polymeric substances and waxes.

[071] The pharmaceutical compositions can be delivered using controlled
(e.g., capsules) or sustained release (e.g., bioerodable matrices) delivery
systems. Exemplary delayed release delivery systems for drug delivery that are
suitable for administering the pharmaceutical compositions are described in U.S.
Patent Nos. 4,452,775 (issued to Kent), 5,039,660 (issued to Leonard), and
3,854,480 (issued to Zaffaroni).

[072] In some cases, in order to prolong the effect of the drug, it may be
desirable to slow the absorption of the drug following subcutaneous or
intramuscular injection. This may be accomplished by the use of a liquid
suspension of crystalline or amorphous material with poor water solubility.
Amorphous material may be used alone or together with stabilizers as necessary.
The rate of absorption of the drug then depends upon its rate of dissolution, which
in turn, may depend upon crystal size and crystalline form.

[073] Alternatively, delayed absorption of a parenterally administered drug
form can be accomplished by dissolving or suspending the drug in an oil vehicle.

[074] For intramuscular preparations, a sterile formulation of compounds
according to Formula |, or suitable soluble salt forms thereof, for example
hydrochloride salts, can be dissolved and administered in a pharmaceutical
diluent such as Water-for-Injection (WFI), physiological saline or 5% glucose. A

suitable insoluble form of the compound may be prepared and administered as a
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35 acyl chloride 36 PEP ester 37 PFP ester 38 acyl chloride 39 acyl

chloride 41 PEP ester 42 PEP ester 45 PFP ester 46 PEP ester 47 PFP ester
53 PFP eswonosvidsasyl chloride 54 PEP ester 59 PEP est ePCE#USRWP/0esTHEr 62
PEP ester and acyl chloride 63 PFP ester 64 PFP ester 65 PFP ester 66 PFP

ester 67 BhREp&#giodlin @R aqueous base or a pharmaceutically acceptable oil base, e.g.,
an ester of a long chain fatty acid such as ethyl oleate.

[075] A dose of an intravenous, intramuscular, or parental formulation of
compounds according to Formula | may be administered as a bolus or by slow
infusion. A bolus is a dose that is administered in less than 30 minutes. In one
embodiment, a bolus is administered in less than 15 or less than 10 minutes. In
another embodiment, a bolus is administered in less than 5 minutes. In yet
another embodiment, a bolus is administered in one minute or less. An infusion is
a dose that is administered at a rate of 30 minutes or greater. In one
embodiment, the infusion is one hour or greater. In another embodiment, the
infusion is substantially constant.

[076] For topical use the pharmaceutical compositions can also be
prepared in suitable forms to be applied to the skin, or mucus membranes of the
nose and throat, and can take the form of creams, ointments, liquid sprays or
inhalants, lozenges, or throat paints. Such topical formulations further can include
chemical compounds such as dimethylsulfoxide (DMSO) to facilitate surface
penetration of the active ingredient.

[077] For application to the eyes or ears, the pharmaceutical composition
can be presented in liquid or semiliquid form formulated in hydrophobic or
hydrophilic bases as ointments, creams, lotions, paints or powders.

[078] For rectal administration, the pharmaceutical compositions can be
administered in the form of suppositories admixed with conventional carriers such
as cocoa butter, polyethylene glycol or a suppository wax or other glyceride that
are solid at room temperature but liquid at body temperature and therefore melt in
the rectum or vaginal cavity and release the active compound.

[079] Alternatively, the pharmaceutical compositions can be in powder
form for reconstitution in the appropriate pharmaceutically acceptable carrier at
the time of delivery. In another embodiment, the unit dosage form of compounds
according to Formula | can be a solution of one or more compounds, or salts
thereof, in a suitable diluent, in sterile hermetically sealed ampoules or sterile
syringes. The concentration of the compounds according to Formula | in the unit
dosage may vary, e.g. from about 1 percent to about 50 percent, depending on
the compound used and its solubility and the dose desired by the physician. If the

compositions contain dosage units, each dosage unit can contain from 1-500 mg
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PEP ester 69 PFP ester 70 PEP ester 71 PFP ester 72 PFP ester [0149] To
produce conpounds wherein the carboxylic acids were not comercially
avai | abl eyothw/wwazisoxyl i c aci ds were either produced byPprasee06ss47
described in the literature or as described in exanples 12-17 bel ow. The

car boxyl i gf %'éiﬁv@ﬁ{a?ertéﬂepoﬁéuwmm tréttMen, thedodage em';ildayeaitcml PFP ester,
| socyanate or the acyl chloride as indicat ed in Tabls3 the treated vmth

the Deacyrengsdr®nspé &t & geleTdtRyt BPRAING, Ot BRI R rerqHﬁB‘Wa? of the
protecti n%ag{)rggt td8i Ng the procedures described in Exanples 1-11 above.
Tabl e VI oxylic acid conpound # Synthetic Procedure Actlvatlon met hod
CO{rpouzdSM pr 8L ethe phearmaeuticehcarapasitions dissigpd hetrin o3n be ptgfed o4 PP
ester PE 78 Exanpl e
15 acyl c%l orl ?@Bé@{é&%ﬁcﬁ:@é@ﬁ @atrf]ré’r %%j ériné?gw %%%?)e% Cﬁrﬁelﬁugga%? w
Communi cat(é.gns {ubeard)n agryancemtteknossymeipns pf @r@gﬁhv

the methods of delivering the pharmaceutical compositions in vivo utilize

ery. In general,

art-recognized protocols for delivering the agent with the only substantial
procedural modification being the substitution of the compounds of the present
invention for the drugs in the art-recognized protocols. Likewise, methods for
using the claimed compositions for treating cells in culture, for example, to
eliminate or reduce the level of bacterial contamination of a cell culture, utilize
art-recognized protocols for treating cell cultures with antibacterial agent(s) with
the only substantial procedural modification being the substitution of the
compounds of the present invention for the drugs in the art-recognized protocols.

[081] In one embodiment, the invention provides a method for treating an
infection in a subject by administering a therapeutically-effective amount of one or
more compounds of Formula | or compositions thereof. In one embodiment, the
method comprises administering to a subject in need thereof a pharmaceutical
composition comprising at least one of the compounds described herein. In one
embodiment, the pharmaceutical composition can comprise any one of the
compounds described herein as the sole active compound or in combination with
another compound, composition, or biological material.

[082] The terms “treatment,” “therapeutic method,” and their cognates
refer to both therapeutic treatment and prophylactic/preventative measures.
Those in need of treatment may include individuals already having a particular
medical disease as well as those at risk for the disease (i.e., those who are likely
to ultimately acquire the disorder). A therapeutic method results in the prevention
or amelioration of symptoms or an otherwise desired biological outcome and may
be evaluated by improved clinical signs, delayed onset of disease,
reduced/elevated levels of lymphocytes and/or antibodies, etc.

[083] Exemplary procedures for delivering an antibacterial agent are
described in U.S. Patent Nos. 6,468,967; 6,852,689; and 5,041,567, issued to
Rogers and in PCT patent application number EP94/02552 (publication no. WO
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Journal of the American Chem cal Society (1926), 48 2385-93 PFP ester 25
US Patent No. 3716644 acyl chloride 40 79 Exanple 16 isocyanate 51 73
Exanpl e MOPRBR/w©s118r 55 75 Exanple 14 PFP ester 56 74 EpramfiiSeccd®¢HHP ester
57 Exanple 12: Preparation of

4-(4- (i sopys maelshbltm &E@Bé’ur)a&Bf@ﬁich%’ﬂ@rr%oﬁb@fél@dhbﬂe‘in Bg ielerendd)n thbir 1P- Br 0
Pd( PPh3) 2C12, [ 0150] A m xture of COhTTEI’CI ally avail abl e

4- (i sopr opytitaty- oU‘rﬂﬂ?rﬁWW'@ﬁPb OBe PH M somBouUNsisaf Feprpyia | or
4- br onot hi Pﬁi@eu%ﬁﬁ%ro ’tlbﬁs ﬁ’fe‘ré’of(a?g Qd%isté”rea %ré’ﬂyméctallg or V|a
ny Sp nmol

Bi s(triph I ne)pal l adium (11) ori ),
acetonitr ||rm@ct(cm @tfﬁue}n@ﬁdlr&@ﬁé@@@%@@%@ﬁ?%aﬂ%a’@‘%ﬁﬂ WBOCFW)?”Q\HS heat ed

TR %ergé 13 g‘@xﬁgbﬁﬁ@@b@dr%la(I%r%thégﬁa&éﬂftEé\tc%ﬁ{ﬁ&fﬁbﬁé therdbraRd W

pre-stirring nut e m nut es "un an argon atnosphere. The
reaction radmmsﬁerewh@’a&maeetdllyor\&&bﬂ@ﬂpnt(léﬁp‘e&r@mrlétramuﬁw@cprvmth wat er (75

m), and ggﬁsﬁﬁw et ﬁ{a%ﬁ?rgc% W’th%ﬁ%h@ﬂ%ﬁ’w&fﬁc‘%e in SRjRdrned was

t hen aci d aquéous extract e wi th Et0Ac (2
X 50 nl). eﬁim)dunarim omioonngwccmnpcay@ss)fﬁemuldﬂ pepharo@cediiel um sul f at e,

hext | ot op ITRSIPNT TR s BT Sled sTARRE 3 &7 rebliin Bbodtibitherfns vsed 11
?0(1 gl ]( _fll_ﬁx \ﬁatﬁdg@hrmeﬂfﬁb/)et mgammﬁwémcmehxbmdasctmecaptutl(:éllq/)effectlveoddsae”

etitle co d bed
he bt epardlt bR aelISH A g1 EoE BT s Rer e R B st posi BB T o aci o
(compound p?@ver@s(ﬁtié}idrﬁeﬂ%)lew@tééﬂm sﬁnﬁtbmyd;tbm tnemTegAelshon @ha(baatendl ( Cheni cal
Commruni cati ons 2003,1, 138

1 f 4-
( i sopr opy!if ﬁPYB’bﬁéFﬁﬂUB%Fb?ﬂ%h%{)cqegﬁg‘ﬁngP@”@' g{tconp@ Eé‘gi %ﬁ.,gpproved
4- (4- (pr opyihichi S @nrebliddpabeaed %v@@rdmfmihdéyt@@laﬁd/dréﬁ)ibodies. The

term “treating” is defined as administering, to a subject, a therapeutically-effective
amount of one or more compounds both to prevent the occurrence of an infection
and to control or eliminate an infection. The term “subject,” as used herein, refers
to a mammal, a plant, a lower animal, or a cell culture. In one embodiment, a
subject is a human or other animal patient in need of antibacterial treatment.
[084] The methods of the present invention comprise administering one or
more compounds of Formula | or pharmaceutical compositions thereof to a
subject in need thereof in an amount that is efficacious in reducing or eliminating
the bacterial infection. The compound may be administered orally, parenterally,
by inhalation, topically, rectally, nasally, buccally, vaginally, or by an implanted
reservoir, external pump or catheter. The compound may be prepared for
opthalmic or aerosolized uses. The compounds of the present invention can be
administered as an aerosol for the treatment of pneumonia or other lung-based
infections. In one embodiment, the aerosol delivery vehicle is an anhydrous or dry
powder inhaler. One or more compounds of Formula | or pharmaceutical
compositions thereof also may be directly injected or administered into an
abscess, ventricle or joint. Parenteral administration includes subcutaneous,
intravenous, intramuscular, intra-articular, intra-synovial, cisternal, intrathecal,
intrahepatic, intralesional and intracranial injection or infusion. In one

embodiment, one or more compounds of Formula | are administered
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0 75 [0152] The title conmpound was prepared in a simlar manner as
described in the preparation of

4- (4- (i sopoapywiareiie) phenyl ) t hi ophene- 2- carboxylic aci d @consowanes 37
exanpl e 12), except commercially available 4- (propylthio)phenyl boronic
acid was Li'ﬁt?éj\/ehauélp%u%é‘t‘éﬁe&fslﬁor &r‘a%oﬂh%weﬁﬁbda)rﬁ&ﬁrfw aohiortatingond. Exanpl e
15: Preparation of” 4-(4-isopropvlc ohexvl) butanoic acid (78 7778 Step
1: Prepar &tringe epmpoyads W@wrmﬁ@ﬁw@mﬂ&@ﬂ#&%tﬁ @Pa%”edm(%%e

0153] T f 6.7 50.1 I d
[sucm ]nlg chm ggsh%g Ke'a %Hmé?%@q(énhﬁt}leﬁtg#%h@?oét hang was adg?d) )CLI?YQI’IE (2
g, 16.7 mol) éﬂsﬁo mcme erhodiemgnt, oD OfMereIERMPRINASIACEPIINGIC FaRRHE
Lenper at ur g B 46, qhgﬁﬁas%Ie%I ﬁgbe:gg*aggt@ nghn@}r HMSAIen IHinfelisiison (1 M

and extra ace e conbi ned organi ¢ phases
wer e washezhuséd br @acartmt@ﬂw ouly tyrpe@mbaq:tem s@mes Brgm-pesitive bacteria- N2 so4,

filtered and c ntra rnif.ied by flash
coI um chr%‘?@bq ﬁ?xt éﬁgg ﬁoﬁ%i&%ﬁ@%ﬁi@%@éﬂdgﬁe?‘@?rgﬁ%leJtrher et hyl acetate
= 8: 1 el utphanhateutigaMmnidkitipne theseofzoe admirtstertd e atieNGEorddudioVHz) 6

7327 éi(tﬁe mghgescf i guignain. 5 Snsper Gibbriftert e tibrgy gl 2.

Prepar at i i @uséd of exsoepisatpy bp yeanyipobitivebadteriacTlege/gram-positive[ 0154] A

Pycrat o weReck APt oS g, el Rischp(lie Bho B! 5 17 4

ol ) was Rededt §t@9h§ll6@bdc n@‘idlud)rﬁ‘g Staphyoeosuas alnmtses boidafdidis58. C for 2
hours. After COOIn to a ent te ratur reactlon m Xt ure was

di | ut ed w’i%”lQﬁVfI?EScﬁ RRARIBIS: andPPAeR ’F‘l’%é‘”g(‘}o QI8Se e §ueous HO (1 M
and extracdigshym c!obcu?téméopéﬁtﬁi@ht%r&%dlérﬁQu@dépt:bl‘é@ AeE0 (BEARr gani ¢ | ayers

were dried over anhy rous sodiumsulfate, filtered Pd conc Etrat ed under
reduced precOMECINTREsiaBE SEREYIOGRESUS GHIGUSEYRSH) IQ%@ IR-SHeRRIRE AN at ogr aphy

on stilea Setcifid¥dsisis dstI%g,Iac%baqmb%mgrs@dwaoca@@mbamm&e1seI ution) to

gi ve 275 conpoun t. Step 3: Preparation, of

4- (4- i sopryegeags |oReRkACartSRiuen, a%mww%) actis, S. Sf@t%?w {ieMesRSCn of
conmpound 7 eflerdeo&di (ine8dihe aci d was
stirred un reoer a I%reﬁm%cm@'l&dp?ggn@V&Idgné)gtgér?%%ﬁltcﬁterr%ergttlJr(Ie folr§6 hour s.
After fil tmncnglyanekueva}jtbieaamdwgenmfnypimeesl@taméﬁltralniSlldga%ﬁﬂ@éo‘i@ﬁ%ﬁjct was

pur 111 cat | BRCIETRE r oGty TR A Bl & iR Eng EERnptieg. Turthet

1- hept v1- 4pérfinggas &. obmozeme LisEdp monocytogeﬂe_s@orwmbact%lgwgé@ugbI ution of

£ an (3 miBngasastity o, Elbackindin APiaR S BrREARA el ghe 550, Ty 8

mvol )  dr opadigsphildé,tieicaseinpl ;ﬂamtaruna)fLabtmreoeaiﬁklstporLeucmat@amn on mxture was
heated to reflux and_stirred for hour e ated to
dryness undefosesgys OG%Q%WC@CP%S [l Olfs "W rag%g(a[rgwc%@%t @%Bﬁﬁptﬁ

i socyanat opgpg£IFe fpfe%%)u Papraductuis| Proﬁiommam&muambsdmmmmycesrspphe next

reaction without furthe urj ficat Exanpl e 17: Preparation of
2-i socyanaVea§hR spr: ( K"gﬁ]fp (6%%%’%”3040 TMSN3 0 zzcz__ N 81 Step 1:

Synthesi s of 2-1o8§hyh URélefddayhert rVLh@rcblfih@o(nﬁfrfé) of Formula( IQa“tBé}s attveaorst i r r ed
sol uti on of 2- neth | undecanoi c aci d

h
di chl oronemﬁ%%ctb’%h@ﬁ JaRiAEPY&ing 41087 ”33 Qﬁg‘tﬁ?mB‘Pd'ﬂ?ﬁ Wﬁg’ﬂ?gxxrét ely 0.02
m) was addesl 19xa {4, QB' 97 12 16006t Lo L 281PS, )27, BBE3Z, B3\1B4,i38Y 36] Xt Ure was

stirred vigorously fo hours at roo mterrpera ure. The oréganlc sol vent was

evapor at ed3ﬁrﬁ§eﬁ9r%d@968p‘]’%§§u5b 22783 3 9PeST i 61603 BRaSHAUPI n t he next
step. Step 2. I keedesdifo a
stirred sol uti (&)‘[bg?)f%;bﬁe gb%gmﬁgaﬁg%F%Egorl de (%&.jd)a | arelu)nel n anhydr ous

di chl or onetrieamactiveGgainst ha@ea@lﬂw dmtmwn nﬁpwpganSth\ét RrENRRS) (0.32 ni,
2.4 mol ). I I hqur The
excess azi 8%%?‘ ?ﬁ" cﬁa?&# ﬁ%h%?gr’(’)%rﬂﬁ@ Pgﬁﬁéeﬁ)%a?og%aé ?ﬁ ffacuo and
t he resul tant reS|due (81) was used in the next step. Exanple 18:
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bacterial infection that is resistant to other compounds, including vancomycin or
daptomycin. In addition, unlike glycopeptide antibiotics, lipopeptide compounds
exhibit rapid, concentration-dependent bactericidal activity against gram-positive
organisms. Thus, in one embodiment, one or more compounds of Formula | or
pharmaceutical compositions thereof are administered according to the methods
of this invention to a patient in need of rapidly acting antibiotic therapy.

[095] The method of the instant invention may be used for any bacterial
infection of any organ or tissue in the body. In one, the bacterial infection is
caused by gram-positive bacteria. These organs or tissue include, without
limitation, skeletal muscle, skin, bloodstream, kidneys, heart, lung and bone. The
method of the invention may be used to treat, without limitation, skin and soft
tissue infections, bacteremia and urinary tract infections. The method of the
invention may be used to treat community acquired respiratory infections,
including, without limitation, otitis media, sinusitis, chronic bronchitis and
pneumonia, including pneumonia caused by drug-resistant S. pneumoniae or H.
influenzae. The method of the invention also may be used to treat mixed
infections that comprise different types of gram-positive bacteria, or which
comprise both gram-positive and gram-negative bacteria. These types of
infections include intra-abdominal infections and obstetrical/gynecological
infections. The method of the invention also may be used to treat an infection
including, without limitation, endocarditis, nephritis, septic arthritis, intra-abdominal
sepsis, bone and joint infections. and osteomyelitis. The method of the invention
may also be used to treat Clostridium difficile-associated disease (CDAD). In one
embodiment, the method of the invention may be used to treat CDAD that
emerges from or is exacerbated by NAP-1. In one embodiment, the method of the
invention may be used to treat C. difficile associated colitis and C. difficile
associated diarrhea. In one embodiment, any of the above-described diseases
may be treated using lipopeptide compounds according to this invention or
pharmaceutical compositions thereof.

[096] The method of the instant invention may also be practiced while
concurrently administering one or more other antimicrobial agents, such as
antibacterial agents (antibiotics) or antifungal agents. In one aspect, the method
may be practiced by administering one or more compounds according to Formula

I. In another embodiment, the method may be practiced by administering one or
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more compounds of Formula | with another lipopeptide compound, such as
daptomycin.

[097] Antibacterial agents and classes thereof that may be co-
administered with one or more compounds of Formula | include, without
limitation, penicillins carbapenems, cephalosporins, aminoglycosides, bacitracin,
gramicidin, mupirocin, chloramphenicol, thiamphenicol, fusidate sodium,
lincomycin, clindamycin, macrolides, novobiocin, polymyxins, rifamycins,
spectinomycin, tetracyclines, vancomycin, teicoplanin, streptogramins, anti-folate
agents, trimethoprim pyrimethamine, synthetic antibacterials nitroimidazoles,
quinolones, fluoroquinolones, isoniazid, ethambutol, pyrazinamide, para-
aminosalicylic acid (PAS), cycloserine, capreomycin, ethionamide, prothionamide,
thiacetazone, viomycin, everninomicin, glycopeptide; glycylcycline, ketolides,
oxazolidinones, imipenen, amikacin, netiimicin, fosfomycin, gentamicin,
ceftriaxone, Ziracin (56-deacetyl-57-demethyl-45-O-de(2-methyl-1-oxopropyl)-12-
0-(2,3,6-trideoxy-3-C-methyl-4-O-methyl-3-nitro-alpha-L-arabino-
hexopyranosyl)flambamycin), LY333328 (oritavancin), Linezolid (N-[[(5S)-3-[3-
fluoro-4-(4-morpholinyl) phenyl]-2-oxo-5-oxazolidinyljmethyllacetamide), Synercid
(dalfopristin-quinupristin), Aztreonam (2-[[(2)-[1-(2-amino-4-thiazolyl)-2-[[(2S,3S)-
2-methyl-4-oxo-1-sulfo-3-azetidinyl] amino]-2-oxoethylidene]amino]oxy]-2-methyl-
propanoic acid), Metronidazole (2-methyl-5-nitro-1 H-imidazole-1-ethanol),
Epiroprim (5-[[3,5-diethoxy-4-(1H-pyrrol-1-yl)phenylmethyl]-2,4-
pyrimidinediamine), OCA-983 (1-[[(2S)-2-amino-3-methyl-1-oxobutyllamino]-2,5-
anhydro-3-S-[(4R,5S,6S)-2-carboxy-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-en-3-yl]-1,4-dideoxy-3-thio-D-threo-pentitol), GV-1 43253
(trinem), Sanfetrinem ((1S, 5S, 8aS, 8bR)-1, 2,5, 6, 7, 8, 8a, 8b-octahydro-1-
[(1R)-1-hydroxyethyl]-5-methoxy-2-oxo-azeto[2, 1-a]isoindole-4-carboxylic acid),
CS-834 ((4R, 5S, 6S)-6-[(1R)-1-hydroxyethyl]-4-methyl-7-ox0-3-[[(3R)-5-0x0-3-
pyrrolidinyl]thio]-1-azabicyclo [3.2.0]hept-2-ene-2-carboxylic acid (2,2-dimethyl-1-
oxopropoxy)methyl ester), Biapenem (6-[[(4R,5S,6S)-2-carboxy-6-[(1R)-1-
hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo[3.2.0]hept-2-en-3-yl]thio]-6,7-dihydro-
5H-pyrazolo[1,2-a][1,2,4]triazol-4-ium inner salt), KA 159 (stipiamide), Dynemicin
A ((18,4R,4aR,14S,14aS,187)-1,4,7,12,13, 14-hexahydro-6,8,11 -trihydroxy-3-
methoxy-1-methyl-7,12-dioxo-4a,14a-epoxy-4,14-[3]hexene[1,5]diynonaphtho[2,3-
c]phenanthridine-2-carboxylic acid), DX8739 ((4R,5S,68)-3-{[(3S,5S)-5-[[4-[(25)-
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5-amino-2-hydroxy-1-oxopentyl]-1 -piperazinyl]carbonyl]-3-pyrrolidinyl]thio]-6-[(1R)-
1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid),
DU 6681 ((4R,5S,6S)-3-[[(6S)-6,7-dihydro-5H-pyrrolo[1,2-a]imidazol-6-yl]thio]-6-
[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0] hept-2-ene-2-carboxylic
acid), Cefluprenam ((2E)-N-(2-amino-2-oxoethyl)-3-[(6R,7R)-7-[[(2Z)-(5-amino-
1,2,4-thiadiazol-3-yl)[(fluoromethoxy)imino]acetyl] amino]-2-carboxy-8-oxo-5-thia-
1-azabicyclo[4.2.0]oct-2-en-3-yl]-N-ethyl-N-methyl-2-propen-1-aminium inner salt),
ER 35786 ((4R,5S,6S)-6-[(1R)-1-hydroxyethyl]-3-[[(3S,58)-5-[(R)-hydroxy(3R)-3-
pyrrolidinylmethyl]—3-pyrro|idinyl]thio]-4—methyl-7-oxo-1-azabicyclo[3.2.0]hept—2—
ene-2-carboxylic acid monohydrochloride), Cefoselis ((6R,7R)-7-[[(2Z)-(2-amino-
4-thiazolyl)(methoxy imino)acetyilamino]-3-[[2,3-dihydro-2-(2-hydroxyethyl)-3-
imino-1H-pyrazol-1-ylmethyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid), Sanfetrinem celexetil ((1S,5S,8aS,8bR)-1,2,5,6,7,8,8a,8b-
octahydro-1-[(1R)-1-hydroxyethyl]-5-methoxy-2-oxo-azeto[2,1-a]isoindole-4-
carboxylic acid 1-[(cyclohexyloxy)carbonyl] oxy]ethyl ester), Cefpirome (1-
[[(6R,7R)-7-[[(2Z)-(2-amino-4-thiazolyl)(methoxyimino)acetyl] amino]-2-carboxy-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-ylJmethyl]-6,7-dihydro-5H-
cyclopenta[b]pyridinium inner salt), HMR-3647 (3-de[(2,6-dideoxy-3-C-methyl-3-
O-methyl-alpha-L-ribo-hexopyranosyl)oxy}-11,12-dideoxy-6-O-methyl-3-oxo-
12,11-[oxycarbonyl[[4-[4-(3-pyridinyl)-1H-imidazol-1 -yl]butyl]imino]]-erythromycin),
RU-59863 (C-7 catechol substituted cephalosporin), KP 736 ((6R,7R)-7-[[(2Z)-(2-
amino-4-thiazolyl)[[(1,4-dihydro-1,5-dihydroxy-4-oxo-2-pyridinyl)methoxy]
imino]acetylJamino]-8-oxo-3-[(1,2,3-thiadiazol-5-ylthio)methyl]-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid disodium salt), Rifalazil (1',4-
didehydro-1-deoxy-1,4-dihydro-3'-hydroxy-5'-[4-(2-methylpropyl)-1-piperazinyl]-1-
oxo-rifamycin VIIl), MEN 10700 ((5R,6S)-3-[[(2-amino-2-
oxoethyl)methylamino]methyl]-6-[(1R)-1-hydroxyethyl]-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid), Lenapenem ((4R,58,68)-6-[(1R)-
1-hydroxyethyl]-3-[[(3S,5S)-5-[(1R)-1-hydroxy-3-(methylamino)propyl]-3-
pyrrolidinyl]thio]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid),
BO 2502A ((4R,5S,6S)-3-[(2S,3'S,4S)-[2,3"-bipyrrolidin]-4-ylthio]-6-[(1R)-1-
hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid),
NE-1530 (3'-sialyllacto-N-neotetraose), K130 (5-[[4-[3-[[4-[(4-
aminophenyl)sulfonyl]phenyllamino]propoxyl]-3,5-dimethoxyphenyl] methyl]-2,4-
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pyrimidinediamine), PD 138312 ((R)-7-[3-(1-amino-1-methylethyl)-1-pyrrolidinyl]-1-
cyclopropyl-6-fluoro-1,4-dinydro-4-oxo-1,8-naphthyridine-3-carboxylic acid), PD
140248 (7-[(3R)-3-[(1S)-1-aminoethyl]-1-pyrrolidinyl]-1-(2,4-difluorophenyl)-6-
fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid), CP 111905 (5-
deoxy-5-[[(2E)-3-[3-hydroxy-4-(2-propenyloxy)phenyl]-2-methyl-1-ox0-2-
propenyllamino]-1,2-O-methylene-D-neo-inositol), Sulopenem ((5R,68)-6-[(1R)-1-
hydroxyethyl]-7-oxo-3-[[(1R,3S)-tetrahydro-1 -oxido-3-thienyl]thio]-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid), ritipenam acoxyl ((5R,BR)-3-
[[(aminocarbonyl)oxy]methyl]-6-[(1R)-1-hydroxyethyl]-7-oxo-4-thia-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (acetyloxy)methyl ester), RO-65-
5788 ((6R,7R)-7-[[(2Z)-(5-amino-1 ,2,4-thiadiazol-3-yl)(hydroxyimino)acetylJaminoj-
3-[(E)-[(3'R)-1"-[[(5-methyl-2-ox0-1,3-dioxol-4-yl)methoxy]carbonyl]-2-oxo[ 1 3
bipyrrolidin]-3-ylidene]methyl]-8-oxo-5-thia-1 -azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid monosodium salt), Sch-40832 (N-[[48-[1-[[2,6-dideoxy-3-O-(2,6-
dideoxy-D-arabino-hexopyranosyl)-D-arabino-hexopyra nosylloxylethyl]-15-
ethylidene-1,3a,4,5,10,11,12,13,14,15,19,20,21,22,28, 29,41 ,42-octadecahydro-
41-hydroxy-12,45-bis(1-hydroxyethyl)-1-(hydroxymethyl)-22-(1-hydroxy-1-
methylpropyl)-36-methyl-51,54,57-tris(methylene)-3-(methylthio)-
10,13,20,27,38,49,52,55,58-nonaoxo-18H,27H-5a,29-(iminoethaniminoethanimino
ethaniminoethanimino[7,2]quinolinomethanoxy methano)-9,6:19,16:26,23:33,30-
tetranitrilo-16H,33aH-imidazo[1',5":1,6]pyrido [3,2-m][1,11,17,24,4,7,20,
27]tetrathiatetraazacyclotriacontin-1-yljcarbonyl]-2,3-didehydroalanyl-2,3-
didehydro-alanine methyl ester stereoisomer), micacocidin A ((OC-6-26-A)-[(4S)-
2-[(28)—2-[(2R,4R)-2-[(4R)—4,5-dihydro-2—[2-(hydroxy—.kappa.O)-6—penty|phenyl]-4-
thiazolyl-.kappa.N3]-3-methyl-4-thiazolidinyl-.kappa.N3]—2—(hydroxy—.kappa.O)—1 -
dimethylethyl]-4,5-dihydro-4-methyl-4-thiazolecarboxylato(2-)-.kappa.N3,
kappa.04]-Zinc), SR-15402 ((1S,5S,8aS,8bR)-1 ,2,5,6,7,8,8a,8b-octahydro-1-
[(1R)-1-hydroxyethyl]-2-ox0-5-[(3S)-3-pyrrolidinylthio]-azeto[2, 1 -ajisoindole-4-
carboxylic acid), TOC 39 (1-(2-amino-2-oxoethyl)-4-[[(1 E)-2-[(6R,7R)-7-[[(2Z)-(2-
amino-4-thiazolyl) (hydroxyimino)acetyllamino]-2-carboxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-en-3-yl]ethenyl]thio]-pyridinium inner salt), carumonam
([[(Z)-[2-[[(2S,38)-2-[[(aminocarbonyl)oxy]methyl]-4-oxo-1-sulfo-3-
azetidinylJamino]-1-(2-amino-4-thiazolyl)-2-oxoethylideneJaminoJoxy]-acetic acid),
Cefozopran (1-[[(6R,7R)-7-[[(2Z)-(5-amino-1,2,4-thiadiazol-3-yl)(methoxy
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imino)acetylJamino]-2-carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-
yllmethyl]-imidazo[1,2-b]pyridazinium inner salt), Cefetamet pivoxil ((6R,7R)-7-
[[(22)-(2-amino-4-thiazolyl)(methoxy imino)acetyllamino]-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid (2,2-dimethyl-1-oxopropoxy)methyl
ester), and T 3811 (des-F(6)-quinolone).

[098] Antifungal agents that may be co-administered with one or more
compounds according to the invention include, without limitation, caspofungen,
voriconazole, sertaconazole, I1B-367, FK-463, LY-303366, Sch-56592, sitafloxacin,
DB-289 polyenes, such as amphotericin, nystatin, primaricin; azoles, such as
fluconazole, itraconazole, and ketoconazole; allylamines, such as naftifine and
terbinafine; and anti-metabolites such as flucytosine. Other antifungal agents

include without limitation, those disclosed in Fostel, et al., 2000, Drug Discovery

Today 5: 25-32, herein incorporated by reference. Fostel et al. discloses
antifungal compounds including corynecandin, Mer-WF3010, fusacandins,
artrichitin/LL 15G256, sordarins, cispentacin, azoxybacillin, aureobasidin and
khafrefungin

[099] Actual dosage levels of active ingredients in the pharmaceutical
compositions of one or more compounds according to Formula | may be varied so
as to obtain a therapeutically effective amount of the active compound(s) to
achieve the desired therapeutic response for a particular patient, compositions,
and mode of administration. The effective amount can be determined as
described herein. The selected dosage level will depend upon the activity of the
particular compound, the route of administration, the severity of the condition
being treated, and the condition and prior medical history of the patient being
treated. However, it is within the skill of the art to start doses of the compound at
levels lower than required to achieve the desired therapeutic effect and to
gradually increase the dosage until the desired effect is achieved. In one
embodiment, the data obtained from the assays can be used in formulating a
range of dosage for use in humans.

[0100] The method comprises administering to the subject an effective
dose of one or more compounds of Formula I. An effective dose is generally
between 125 mg/day to 1000 mg/day. In one embodiment, an effective dose is
from about 0.1 to about 100 mg/kg of one or more compounds of Formula | or

pharmaceutically acceptable salts thereof. In one embodiment, the dose is from
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about 0.1 to about 50 mg/kg of one or more compounds of Formula | or
pharmaceutically acceptable salts thereof. In another embodiment, the dose is
from about 1 to about 25 mg/kg of one or more compounds of Formula | or
pharmaceutically acceptable salts thereof. In another embodiment, the dose is
from about 1 to about 12 mg/kg of one or more compounds of Formula I. In
another embodiment, the dose is about 1, 2, 3, 4,5, 6,7, 8, 9, 10, 11, or 12 mg/kg
of one or more compounds of Formula |. An effective dose for cell culture is
usually between about 0.1 and about 1000 pg/mL. In one embodiment, the effect
dose for cell culture is between about 0.1 and about 200 png/mL.

[0101] Generally dosage levels of about 0.1 ug/kg to about 50 mg/kg, such
as a level ranging from about 5 to about 20 mg of active compound per kilogram
of body weight per day, can be administered topically, orally or intravenously to a
mammalian patient. Other dosage levels range from about 1 ug/kg to about 20
mg/kg, from about 1 ug/kg to about 10 mg/kg, from about 1 ug/kg to about 1
mg/kg, from 10 ug/kg to 1 mg/kg, from about 10 ug/kg to about 100 xg/kg, from
about 100 ug to about 1 mg/kg, and from about 500 ug/kg to about 5 mg/kg per
day. If desired, the effective daily dose may be divided into multiple doses for
purposes of administration, e.g., two, three or four separate doses per day. Inone
embodiment, the pharmaceutical composition can be administered once per day.

[0102] One or more compounds of Formula | may also be administered in
the diet or feed of a patient or animal. If administered as part of a total dietary
intake, the amount of compound employed can be less than 1% by weight of the
diet, such as no more than 0.5% by weight. The diet for animals can be normal
foodstuffs to which the compound can be added or it can be added to a premix.

[0103] One or more compounds of Formula | can be administered as a
single daily dose or in multiple doses per day. In one embodiment, one or more
compounds of Formula | are administered as a single dose per day. In another
embodiment, one or more compounds of Formula | are administered as two equal
doses per day. In another embodiment, the compounds of Formula | are
administered in three equal doses per day. The treatment regime may require
administration over extended periods of time, e.g., for several days or for from two
to four weeks. The amount per administered dose or the total amount

administered will depend on such factors as the nature and severity of the
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infection, the age and general health of the patient, the tolerance of the patient to
the compound and the microorganism or microorganisms involved in the infection.
The treatment regimen for one type of infection may differ greatly from the
treatment regimen of another infection. For example, one type of infection may
require administration via intravenous administration once daily, while another
infection may require a treatment regimen of multiple dosing orally. A method of
administration of daptomycin, another member of the lipopeptide compound class,
to a patient is disclosed in United States Patent Nos. 6,468,967 and 6,852,689.

[0104] One or more compounds of Formula | may be administered
according to this method until the bacterial infection is eradicated or reduced. In
one embodiment, one or more compounds of Formula | are administered for a
period of time from 3 days to 6 months. In another embodiment, one or more
compounds of Formula | are administered for 7 to 56 days. In another
embodiment, one or more compounds of Formula | are administered for 7 to 28
days. In a further embodiment, one or more compounds of Formula | are
administered for 7 to 14 days. Compounds of the present invention may be
administered for a longer or shorter time period if it is so desired.

[0105] The embodiments described herein provide compounds of Formula
| that are novel and active against gram-positive bacteria. Other embodiments
described herein provide novel compounds of Formula | that show increased
activity against Clostridium difficile. Further embodiments described herein
provide novel compounds of Formula | that show unexpected activity against
bacteria that are resistant to daptomycin.

[0106] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered
as exemplary only, with the true scope and spirit of the invention being indicated
by the following claims.

Examples

[0107]In order that this invention may be more fully understood, the

following examples are set forth. These examples are for illustrative purposes only

and are not to be construed as limiting the scope of the invention in any way.
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[0108] In the examples below, the following abbreviations have the
following meanings unless otherwise indicated. Abbreviations not defined below

have their generally accepted meaning.

BOC = tert-butoxycarbonyl

CFU = colony-forming units

DCM =  dichloromethane

IPA =  isopropanol

DIPEA =  diisopropylethylamine

DMF = dimethylformamide

DMSO =  dimethyl sulfoxide

EtOAc = ethyl acetate

HOBT = 1-hydroxy benzotrizole

HCI = hydrochloric acid

HPLC =  High performance liquid chromatography

MIC = Minimum inhibitory concentration

MS =  Mass spectrometry

THF = tetrahydrofuran

TFA = trifluoroacetic acid

TLC =  thin layer chromatography

TTF =  Tangential flow filtration

WFI =  Water for injection, which is purified by distillation or reverse
osmosis

N,

~CHs O

H
HN ,,N)'j/N
o)\ COzH o)

IZ. o

NHBOC
Decylated BOC-protected daptomycin

[0109] All temperatures reported in the following examples are in degree
Celsius (°C) unless otherwise indicated. Also, unless noted otherwise, reagents,

starting materials and solvents were purchased from commercial suppliers (such
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as Aldrich, Fluka, Sigma and the like) and were used without further purification.
Deacylated BOC-protected daptomycin was prepared based on the method
described in U.S. Patent No. 6,911,525B2.

[0110] Final products were typically purified by reverse phase HPLC using
a C8 column.

[0111] Analytical HPLC conditions for monitoring the reactions were as
follows: Waters Alliance HPLC system with SunFire™ C8 (5 um, 4.6x150 mm)
column using an increasing gradient (e.g., 10 to 90% B in A in 20 min; A=0.01%
TFA in water; B=0.01% TFA in acetonitrile).

[0112] Analytical HPLC conditions for purity tests were as follows: Waters
Alliance HPLC system with SunFireTM C8 (5 um, 4.6x150 mm) column using an
increasing gradient (e.g., 30 to 50% B in A in 20 min; A=0.01% TFA in water;
B=0.01% TFA in acetonitrile).

[0113] Preparative HPLC conditions: Varian Prep HPLC system with
SunFireTM prep C8 OBDTM (10 pm, 19x250 mm) column using an increasing
gradient (e.g., 25 to 45% B in A in 20 min; A=0.01% TFA in water; B=0.01% TFA
in acetonitrile).

[0114] Compounds of the present invention can be prepared according to
the procedures described in US Patent No. 6,911,525B2 , which is incorporated

by reference in its entirety, and/or as detailed below:
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Reaction Scheme |

NH>
Phuo O A9
% N, 0~_.CHs
Step 1 /’( H 0 H H A
L — HN © N
Deacylated BOC-protected daptomycin 0 )\ COHO ” H
Py 0 HO,c” ©
A LG \O)\:NH HNl
OoH 102 \
01 o X iy L g Mo !H
0 :N{\NJ—J,\/\NHBOC
RA—N=C=0 = o H
202
NH>
OH 0 NH;

[0115] Referring to Reaction Scheme 1, Step 1, Deacylated BOC-protected
daptomycin (see U.S. Patent No. 6,911,525B2) is treated with a modifying agent
selected from compounds having the formulae 101, wherein LG is an appropriate
leaving group, or 202. The reaction of an amine with modifying agents, as defined
herein, is well known to those skilled in the art. For example, treatment of
Deacylated BOC-protected daptomycin with an activated ester, lactone or acid
chloride, followed by removal of the protecting group (Step 2), yields compounds
of the present invention wherein A is alkyl, alkenyl, cylcoalkyl, aryl, or heteroaryl.
Alternatively, treatment of Deacylated BOC-protected daptomycin with an
isocyanate, such as a compound having the formula 202, followed by removal of
the protecting group (Step 2), provides compounds of Formula | wherein A is
NHR",

[0116] In one embodiment, the activated ester is a pentafluorophenyl ester
(PFP-ester). Pentafluorophenyl (PFP) esters were prepared by treating a
carboxylic acid with pentafluorophenol and an acylating agent such as, but not
limited to, dicyclohexylcarbodiimide (DCC) in solvent such as dichloromethane
(Synthesis, 2007, 23, 3731-3735).
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[0117] Acyl chlorides were prepared by treating a carboxylic acid with a
reagent such as, but not limited to, thionyl chloride or oxalyl chloride with catalytic

DMF, in solvent such as dichloromethane.

Preparation of compounds of Formula (1) where R is

o
}LL F

(CH2),CH3

Example 1

Preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-enoyl]}-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (49).
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Step 1: Preparation of (E)-ethyl 3-(4-pentylphenyl) but-2-enoate (1002).

[0118] A mixture of commercially available 1-(4-pentylphenyl)ethanone (5
g, 26.3 mmol) and (ethoxycarbonylmethylene)-triphenylphosphorane (18.3 g, 52.5
mmol) was stirred at 150 °C for 48 hours under a nitrogen atmosphere. The
reaction mixture was cooled to ambient temperature and diluted with ethyl acetate
(50 mL) and petroleum ether (200 mL). The suspension was filtered through a
fritted funnel. The concentrated filtrate was purified by flash column

chromatography with silica gel (petroleum ether : ethyl acetate = 80:1) to give the
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title compound (1.6 g) having the following physical data: 'H NMR (300 MHz, &,
CDCl3) 0.90 (br, 3H), 1.36 (br, 7), 1.63 (br, 2H), 2.58 (s, 3H), 2.63 (br, 2H), 4.22
(q, 2H), 6.15 (s, 1H), 7.20 (d, 2H), 7.41 (d, 2H).

Step 2: Preparation of (E)-3-(4-pentylphenyl) but-2-enoic acid (1003).

[0119] A solution of compound 1002 (1.5 g, 5.77 mmol) in ethanol (50 mL)
and 3N potassium hydroxide (25 mL) was stirred at 45 °C for 3 hours. The
reaction mixture was concentrated and the resulting residue was diluted with
water (50 mL). The aqueous solution was acidified to pH 2 with 1N hydrochloric
acid and extracted with EtOAc (2 x 30 mL). The combined organic layers were
dried with anhydrous sodium sulfate, filtered and concentrated. The residue was
purified by flash column chromatography (silica gel, petroleum ether : ethyl
acetate = 10:1) to afford the title compound (0.95 g) having the following physical
data: 1H NMR (300 MHz, 3, CDCI3) 0.90 (br, 3H), 1.33 (br, 4H), 1.62 (br, 2H),
2.60 (br, 5H), 6.18 (s, 1H), 7.18 (d, 2H), 7.42 (d, 2H).

Step 3: Preparation of (E)-3-(4-pentylphenyl)but-2-enoyl chloride (1004).

[0120] Oxalyl chloride (3.2 mL, 36.60 mmol) and DMF (50 uL) were added
drop wise to a solution of compound 1003 (5.0 g, 21.52 mmol) in dichloromethane
(100 mL) at 0 °C. The reaction solution was warmed up to room temperature and
stirred for 4 hours. The reaction mixture was concentrated in vacuum and the
residue was dried under hi-vacuum for 3 hours. The crude product was used in

the next step without further purification.

Step 4: Preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-enoyl]}-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-[(N-tert-butoxycarbonyl)-ornithyl}-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (1005).

[0121] Deacylated BOC-protected daptomycin (3.50g, 2.23 mmol) and
sodium bicarbonate (1.13 g, 61.0 mmol) were dissolved in THF (130 mL) and
water (50 mL). The deacylated BOC-protected daptomycin sodium bicarbonate
solution was cooled to 0 °C. and a solution of compound 1004 (1.96 g, 7.82 mmol)
in THF (20 mL) was then introduced. The reaction mixture was warmed to room

temperature and stirred for 4 hours. The mixture was concentrated in vacuum to
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remove THF. The remaining aqueous solution was loaded on a C18 flash
chromatography column (35mmx 300mm, Bondesil HF C18 resin purchased from
Varian). The column was first washed with water to remove salt and then with
methanol to wash out product. Crude compound 1005 (3.46 g) was afforded as a
white solid after removal of methanol. MS m/z 1780.8 (M + H)".

Steps 5-6: Preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-enoyl]}-L-tryptophyl-
D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (49).

[0122] TFA (10 mL) was added to a solution of compound 1005 (3.46 g)in
DCM (50 mL) at room temperature. The reaction mixture was stirred vigorously
for 45 minutes and added slowly to vigorously stirring diethyl ether (100 mL). The
resulting yellow precipitation was collected by filtration. The crude product was
purified by Preparative HPLC to afford the TFA salt of compound 6 (0.75 g). MP
carbonate resin (purchased from Biotage) was added to the solution of compound
6 TFA salt (0.70 g, 0.39 mmol) in anhydrous methanol (30.0 mL). The mixture
was stirred at room temperature for 4 hours. The resins were removed by
filtration and rinsed with methanol. The methanol solution was concentrated
under vacuum to give product as off-white solid (408 mg). MS m/z 1680.7 (M +
H)".

Example 1b

[0123] Alternative preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-enoyl]}-
L-tryptophyI-D-asparaginyl-L—a-aspartyl-L—threonylglycyl-L-ornithyI-L-a-aspartyI-D-
alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (49).

50
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1) HOBT, EDC, DMAP, DMF
2) Deacylated BOC-protected daptomycin,

NaHCO,3, Dioxane, water
3) HCI
A -OH
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[0124] A solution of (E)-3-(4-pentylphenyl)but-2-enoic acid (1100 g, 4.73
mol), N-Ethyl-N'-(3-dimethylaminopropyl)carbodiimide hydrochloride (907 g, 4.73
mol), HOBT (640 g, 4.73 mol) and 4-(dimethylamino)pyridine (22 g, 0.18 mol) in
DMF (11 L) was stirred at room temperature for 4 hours at which point the
activation of the (E)-3-(4-pentylphenyl)but-2-enoic acid was deemed complete by
HPLC. This reaction mixture was added to a suspension of Deacylated BOC-
protected daptomycin (2600 g, 1.66 mol), sodium bicarbonate (804 g, 9.57 mol) in
water (11.25 L) and 1,4-dioxane (33.75 L). The mixture was stirred at room
temperature for 2.5 hours at which time HPLC indicated complete consumption of
Deacylated BOC-protected daptomycin. The reaction mixture was diluted with
water (22.5 L) and cooled with an ice bath. Concentrated hydrochloric acid (5.25
L) was added while maintaining the internal temperature below 30 °C. After the
addition, the solution was stirred at room temperature for 5 days at which time
HPLC indicated complete consumption of the Boc protected intermediate.

[0125] The reaction mixture was washed with methyl tert-butyl ether (90 L
then approximately 60 L then approximately 45 L then approximately 45 L) to
remove 1,4-dioxane. The remaining solution (approximately 44 L) was adjusted to
pH 2.69 with 2N sodium hydroxide (11.3 L) and water (53.4 L). This material was
processed by Tangential Flow Filtration (TTF) with a 1K membrane until the total
volume was reduced to 54 L. Water (120 L) was added in two portions and the

solution was concentrated to 52 L by continued TTF. The aqueous solution (30 L
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of 52 L) was purified by chromatography using the following protocol: The
aqueous solution was brought to three times of its volume (30 L—90L) with 20%
IPA in agueous ammonium acetate solution (50 mM). The diluted solution was
applied to a 38 L HP20SS resin column at 1.5 L/min. The column was eluted with
IPA solution in aqueous 50 mM ammonium acetate (25%—30%—35%, 60 L each
concentration). Fractions (approximately 11 L) were collected and analyzed by
HPLC. The fractions with HPLC purity less than 80% were combined and purified
again using the same method. The key fractions from both chromatographic
separations (with HPLC purity >80%) were combined and acidified with
concentrated HCI to pH 2-3. The resulting solution was desalted on an ion
exchange column (HP20SS resin, 16 L) which was eluted with WFI (until
conductivity = 4.8 pS) followed by IPA in WFI (36 L 10%— 40 L 60%). The yellow
band which was eluted with 60% IPA (approximately 19L) was collected, adjusted
to pH 2-3 with concentrated HCI and lyophilized to yield 636.5 g of Compound 49
(HPLC purity of 87.0%). MS m/z 1680.7 (M + H)".

Example 1¢

Preparation of N-{1-[(E)-3-(4-hexylphenyl)but-2-enoyl]}-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (50).

NH2
OH

/ H
“ N, “CH3

- O

y @)
HNF% ﬁ\ )j/n
o)\ COzH o o

\O)\:NH HOC
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HO.C NH A OHN o '
N
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[0126] The above compound was prepared in a similar manner as
described in steps 1-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-

diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
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commercially available 1-(4-hexylphenyl)ethanone was used in the place of 1-(4-
pentylphenyl)ethanone (in step 1). MS m/z 1694.8 (M + H)".

Example 1d

Preparation of N-{1-[(E)-3-(4-butylphenyl)but-2-enoyl]}-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (48).

NH,
1/__( ’ N RS 30 % o NH \
0 H o N
HN N N
)\ COHO H o H
HOzC
CO,H A\
HOijNH H L’ S_EIIL\O/\ | N
N H
N
"A NH; 48

[0127] The above compound was prepared in a similar manner as
described in steps 1-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 1-(4-butylphenyl)ethanone was used in the place of 1-(4-
pentylphenyl)ethanone (in step 1). MS m/z 1666.8 (M + H)*.

Preparation of compounds of Formula (1) wherein R is
0

%

(CH2)sCHs

Example 2
Preparation of N-(4-heptylbenzoyl)-L-tryptophyl-D-asparaginyl-L-a-aspartyl-
L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-
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methyl-L-a-glutamyl-(aS)-a,2-diamino-y-oxobenzenebutanoic acid (13—4)-lactone
(33).

NHz

"F< ﬁ'\“ o g O HN
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Hozc:[NH A E_HN;AtO/\ IN
N H
TK\N NH, 33

[0128] The above compound was prepared in a similar manner as
described in steps 4-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-o-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4-heptylbenzoyl chloride was used in the place of (E)-3-(4-
pentylphenyl)but-2-enoyl chloride. MS m/z 1668.8 (M + H).

Example 2b

Preparation of N-(4-octylbenzoyl)-L-tryptophyl-D-asparaginyl-L-a-aspartyl-
L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-
methyl-L-a-glutamyl-(aS)-a,2-diamino-y-oxobenzenebutanoic acid (13—4)-lactone
(34)
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[0129] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
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aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4-octylbenzoic acid was used in the place of (E)-3-(4-
pentylphenyl)but-2-enoic acid. MS m/z 1682.8 (M + H)".

Preparation of compounds of Formula (I) wherein R is
0

21

{CH2)mCH3

Example 3
Preparation of N-(trans-4-pentylcyclohexanecarbonyl-L-tryptophyl-D-

asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (16)

AN
o m/\uﬂ—l’\/\NHz 16

[0130] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available Trans-4-pentylcyclohexane-carboxylic acid was used in
the place of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1646.7 (M + H)*.

Preparation of compounds of Formula () wherein R is
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Example 4

Preparation of N-(4-pentylbicyclo[2.2.2]octane-1-carbonyl)-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (22)

NH,
/OH (0] 0 NHz
N, O~_.CH
SR8 o By owmn
HN N N N o)
o CoHO H o H
HO,C
X )\
COH \
N~ H
oY \{)‘/\ﬁ NH, 22

[0131] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-aIanyI-L-a-aspartylgchyI-D-seryl-(3R)—3—methyl-L-a-gIutamyl-(aS)—a,Z-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4-pentylbicyclo[2.2.2]octane-1-carboxylic acid was used in
the place of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1672.7 (M + H)".
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Preparation of compounds of Formula (1) wherein R is
}LL O

Example 5
Preparation of N-[4'-(pentyloxy)biphenyl-4-carbonyl]-L-tryptophyl-D-

O(CH,),CHs

asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (61)

NH; O~
ZOHH (0] o NH; O O
I ’ .\ 3 (@]
< N oy 9 KN
HN © ,,N)j/N
COHO H v
O)\ 2 HOzC ©
COzH \
HOZC‘)\:NH L7 0 HN o Ly
N\n/\N)I—l’\/\ H 61
NH»2

[0132] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4'-(pentyloxy)biphenyl-4-carboxylic acid was used in the
place of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1732.8 (M + H)".
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Preparation of compounds of Formula (I) wherein R is

(CH2)xCHs

Example 6

Preparation of N-(4-heptylthiophene-2-carbonyl)-L-tryptophyl-D-
asparaginyl-L-cx-aspartyl-L-threonyIgchyI-L-ornithyl-L-a-aspartyI-D-aIanyI-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (43)

Br
Br /
800k EtoH ~ Z
e
i s Cul,EtgN, Pd( Ph3P)4
o

(e}
1014 O] 1015 Step 2 1016

10% Pd/C, Hy, LiOH,
MeOH \—OW MeOH/THFH,0 M a
o s

Step 3 © S Step 4
1017 1018
NHa
(5) (COCI), 40“‘ f o N NH,
o LR Lt
- - o)\ COHO o2 ©

NH
Hoch\:NH GOH ; lo B
H =~ N

NH2

43
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Step 1: Preparation of ethyl 4-bromothiophene-2-carboxylate (1015)

[0133] Thionyl chioride (8.8 mL, 121 mmol) was added slowly to a solution
of 4-bromothiophene-2-carboxylic acid (5.0 g, 24.2 mmol) in ethanol (30 mL) at
room temperature. The reaction mixture was warmed up to 65 °C and stirred for 4
hours. Removal of solvent and excess reagent under vacuum afforded the crude
product ethyl 4-bromothiophene-2-carboxylate (1015), which was used in the next

step without further purification.

Step 2: Preparation of ethyl 4-(hept-1-ynyl)thiophene-2-carboxylate (1016)

[0134] A reaction mixture of compound 1015 (5.64 g, 24.0 mmol), DMF
(50 mL), copper (1) iodide (1.37 g, 7.2 mmol), 1-heptyne (9.42 mL, 72.0 mmol),
triethylamine (6.70 mL, 48.0 mmol) and tetrakis(triphenylphosphine)palladium(0)
(2.77 g, 2.4 mmol) was stirred at 65 °C for 2 hours and then cooled to room
temperature. Methyl tert-butyl ether (300 mL) was added to the reaction mixture
and the precipitation was removed by filtration. The clear organic solution was
washed with saturated sodium chloride, dried over magnesium sulfate and
concentrated under vacuum. The crude brown oil was purified with flash silica gel
chromatogram (with 0%—5% EtOAc in hexane) to afford ethyl 4-(hept-1-
ynyl)thiophene-2-carboxylate (1016, 5.89 g) as a brown oil. "H NMR (300 MHz, ,
CDCl3) 0.89 (t, 3H). 1.28-1.45 (m, 7H), 1.52-1.62 (m, 2H), 2.36 (t, 12.4 Hz, 2H),
4.33 (q, 2H), 7.48 (s, 1H), 7.72 (s, 1H).

Step 3: Preparation of ethyl 4-heptylthiophene-2-carboxylate (1017)

[0135] 5% Palladium on carbon (2.52 g) was added to a solution of
compound 1016 (5.94 g, 23.7 mmol) in methanol (100 mL). The reaction mixture
was stirred under a hydrogen atmosphere (1 atm) for 12 hours. The reaction
mixture was filtered through celite and the clear solution was concentrated under
vacuum to give ethyl 4-heptylthiophene-2-carboxylate (1017, 4.80 g) which was
directly used in the next step without further purification. Ry = 0.78 (10% EtOAc in

Hexane).

Step 4: Preparation of 4-heptylthiophene-2-carboxylic acid (101 8)
[0136] A solution of lithium hydroxide hydrate (1.20 g, 28.3 mmol) in water
(50 mL) was added to a solution of compound 1017 (2.4 g, 9.4 mmol) in THF (50
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mL) and methanol (30 mL). The reaction mixture was stirred at room temperature
for 12 hours. After removal of organic solvent, the aqueous solution was acidified
to pH 4.0 with 6 N hydrochloric acid solution and extracted with EtOAc. The
organic layer was dried and concentrated to give 4-heptylthiophene-2-carboxylic
acid (1018, 2.1 g) which was directly used in the next step without further
purification. Ry = 0.03 (10% EtOAc in hexane).

Steps 5-8: Preparation of N-(4-heptylthiophene-2-carbonyl)-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (43)

[0137] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except 4-
heptylthiophene-2-carboxylic acid (compound 1018) was used in the place of (E)-
3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1674.7 (M + H)".

Preparation of compounds of Formula (I) wherein R is

Example 7
Preparation of N-[5-(biphenyl-4-yl)thiophene-2-carbonyl]-L-tryptophyl-D-

asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-o-
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aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-

HO
<))
HO

oxobenzenebutanoic acid (13—4)-lactone (52)

H2304(C0nc.) / \
Br (2 COOH g Br/(;>\COOM<3
S MeOH Pd(PPhy),, Na,CO5
1020 1021 toluene, EtOH, H,O
Step 1 Step 2
s
S cooMe THF MeOH, H;0 COOH
1023
1022 Step 3

25

(4) (COCl), /7 HQ °
(5) Deacylated BOC-protected daptomycin = _ Nr " NO~CHs 0 o B Q
(6) TFA APTR 3 J\IH Fall
" N
H

(7) MP-carbonate resin HN © aN 5
CO,HO H o
HOZC
i ’
OzH A\
HO:C NH ? 0 HN o ' R
N H
N
\ﬂ/\ NH;z

Step 1: Preparation of methyl 5-bromothiophene-2-carboxylate (1021).

[0138] Concentrated H,SO4 (3 mL) was added to a solution of 5-
bromothiophene-2-carboxylic acid (5.0 g, 2.42 mmol) in methanol (100 mL). The
reaction mixture was heated to reflux for 16 hours. After cooling to ambient
temperature, the reaction mixture was concentrated to dryness. The residue was
dissolved in EtOAc (60 mL), washed with saturated sodium carbonate (60 mL),
and saturated sodium chloride (40 mL) and dried over anhydrous sodium sulfate.
The solution was concentrated to give the compound 1021 (4.8 g). '"H NMR
(CDCls, 300 MHz) 8 3.90 (s, 3H), 7.09-7.10 (d, 1H), 7.57-7.58 (d, 1H).

Step 2: Preparation of methyi 5-(biphenyl-4-yl)thiophene-2-carboxylate (1022)
[0139] A mixture of compound 1021 (5.0 g, 22.6 mmol), biphenyl-4-
ylboronic acid (5.4 g, 27.1 mmol), sodium carbonate (5.9 g, 56.5 mmol),
tetrakis(triphenylphosphine)palladium(0) (2.65 g, 2.3 mmol), toluene (200 mL),
ethanol (100 mL) and water (50 mL) was heated to reflux for 12 hours under
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nitrogen atmosphere. The reaction mixture was cooled to ambient temperature,
and extracted with dichloromethane (2 x 250 mL). The combined organic layers
were dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum. The residue was purified by flash chromatography with silica gel (5%
EtOAc in hexane) to give compound 1022 (5.0 g). '"H NMR (CDCls, 300 MHz) &
3.92 (s, 3H), 7.32-7.49 (m, 4H), 7.62-7.80 (m, 7H).

Step 3: Preparation of 5-(biphenyl-4-yl)thiophene-2-carboxylic acid (1023)

[0140] A solution of sodium hydroxide in water (2N, 50mL) was added to a
suspension of compound 1022 (3.5 g, 11.9 mmol) in THF (50 mL) and methanol
(50 mL). The reaction mixture was stirred at room temperature for 14 hours and
then concentrated to approximately 1/10 of its original volume (15 mL). The
concentrated solution was adjusted to pH 2-3 using 2N aqueous hydrochloric acid
solution and extracted with a mixture of DCM and ethanol (7:3 ratio, 200 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated
to give the compound 1023 (2.7 g). '"H NMR (CDCls, 300 MHz) & 7.39-7.41 (d,
1H), 7.46-7.51 (m, 2H), 7.63-7.64 (d, 1H), 7.71-7.85 (m, 7H).

Steps 4-7: Preparation of N-[5-(biphenyl-4-yl)thiophene-2-carbonyl]-L-tryptophyl-
D-asparaginyI-L-a—aspartyl-L-threonylgIycyl-L-ornithyl-L-a-aspartyI-D—aIanyI-L-a—
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (52)

[0141] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}—L-tryptophyI—D-asparaginyl-L-a-aspartyI-L-threonylgchyl-L-ornithyl-L-a—
aspartyl-D-alanyI-L-a-aspartylglycyl-D-seryI—(3R)-3-methyl-L-a—gIutamyl-(aS)-a,Z-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except 5-
(biphenyl-4-yl)thiophene-2-carboxylic acid (compound 1023) was used in the
place of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1728.7 (M + H)".
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Preparation of compounds of Formula (1) wherein R is

O(CH,)pCH3

Example 8

Preparation of N-[4-(4-(hexyloxy)phenyl)thiophene-2-carbonyl]-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (58)

S
CHO
SH BFS\J’ OHC E’ | AgNO3 Q)
HO' O - Q NaOH, EOH  HOOC Q
0 o o)

Pd(PPh3)s Na,CO3

1025 Step 1 1026 Step 2 1027
NH32
e ¢ NH,
(3) (COCI), % N A0~ CHs g S 1
(4) Deacylated BOC-protected daptomycin HNF<0 H o 3 Bj/n HN~" X
(5) TFA _ oy oAl
(6) MP-carbonate resin 09\ COHO. Hzc o H 0

N
COH
HO,C NH /" l |

Step 1: Preparation of 4-(4-(hexyloxy)phenyl)thiophene-2-carbaldehyde (1026)
[0142] A mixture of commercial available 4-(hexyloxy)phenylboronic acid

(25, 5.55 g, 25.0 mmol), 4-bromothiophene-2-carbaldehyde (5.25 g, 27.5 mmol),

tetrakis(triphenylphosphine)palladium(0) (0.6 g, 0.13 mmol), toluene (25 mL),
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ethanol (15 mL) and aqueous sodium carbonate (2 M, 25 mL) was stirred under
reflux for 18 hours under a nitrogen atmosphere. The reaction mixture was cooled
to ambient temperature and the aqueous layer was extracted with
dichloromethane (3 x 50 mL). The combined organic layers were washed with
saturated sodium chloride (50 mL), and dried over magnesium sulfate. After
filtration and concentration, the crude material was purified by recrystallization
from ethyl acetate/petroleum ether (1/2, v/v) to afford the compound 1026 (3.8 g).
Step 2: Preparation of 4-(4-(hexyloxy)phenyl)thiophene-2-carboxylic acid (1 027)

[0143] A mixture of silver nitrate (4.07 g, 24 mmol), compound 1026 (1.73
g, 6 mmol), ethanol (30 mL) and aqueous sodium hydroxide solution (1M, 48 mL)
was stirred at 40 °C for 3 hours and then diluted with water (150 mL). The
aqueous phase was washed with ethyl acetate (2 x 300 mL) and acidified to pH 1
with 1N aqueous hydrochloric acid solution. The aqueous solution was extracted
with EtOAc (2 x 300 mL). The combined organic phases were dried over
anhydrous sodium sulfate, filtered and concentrated to yield compound 1027 (1.5
g) which was used directly in the next step without further purification. "H NMR
(300 MHz, DMS0-d6) & 0.87 (m, 3H), 1.31-1.30 (m, 6H), 1.65 (m, 2H), 3.98 (m,
2H), 6.96 (d, J=8.4 Hz, 2H), 7.66 (d, J=8.7 Hz, 2H), 8.05 (s, 2H), 13.19 (s, 1H).
MS m/z =303 [M-H]".

Steps 3-6: Preparation of N-[4-(4-(hexyloxy)phenyl)thiophene-2-carbonyl]-L-
tryptophyI-D-asparaginyl—L-a-aspartyI-L-threonylgchyI-L-ornithyl-L—a-aspartyI-D-
alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (58)

[0144] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyI-D-aIanyl-L-a-aspartngchyI-D-seryI-(3R)—3-methyl-L—a-gIutamyl-(aS)—a,Z-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except 4-
(4-(hexyloxy)phenyl)thiophene-2-carboxylic acid (compound 1027) was used in
the place of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1752.7 (M + H)*.
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Preparation of compounds of Formula (1) wherein R is
0

X

(CHg),CH3

Example 9

Preparation of N-[4-(-4-hexylcyclohexyl)benzoyl]-L-tryptophyl-D-asparaginyl-L-a-
aspartyl—L-threonylglycyl-L-omithyl-L—a-aspartyI-D-aIanyl-L—a-aspartylglycyl-D-
seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-oxobenzenebutanoic acid
(13—4)-lactone (54)

NH;
/’,' N/ O .\CH3 O
< CN T o H O HN
HN O N, N N o
»\ COzHO H o H
Hozc
COzH N
HOijNH H L J?—HIN’\(i\ l N
N H
m/‘N NH, 54

[0145] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyI-D-aIanyI—L—a-aspartylglycyl-D-seryl-(3R)—3-methyl-L-a-glutamyl—(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4-(4-hexylcyclohexyl)benzoic acid was used in the place of
(E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1736.8 (M + H)".
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Preparation of compounds of Formula (1) wherein R is

0O

5

Example 10

Preparation of N-cyclododecanecarbonyl-L-tryptophyl-D-asparaginyl-L-a-
aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-aspartylglycyl-D-
seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-oxobenzenebutanoic acid
(13—4)-lactone (28)

NH,
{OH n 0 0 NH,
e 3 9 1 2
HN © ”NJj,N
)\‘ COHO ngc O
HOZC‘)\:NH H 202H0 HN"YO | l\}
N\n/\N)I—J/\/\NH2 H 28

[0146] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-
aspartyl-D-alanyl-L-a-aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available cyclododecanecarboxylic acid was used in the place of
(E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1660.8 (M + H) .

Preparation of compounds of Formula (1) wherein R is

by
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Example 11

Preparation of N-[4-(4-isopropylphenyl)butanoyl]-L-tryptophyl-D-
asparaginyl-L-a-aspartyl-L-threonylglycyl-L-ornithyl-L-a-aspartyl-D-alanyl-L-a-
aspartylglycyl-D-seryl-(3R)-3-methyl-L-a-glutamyl-(aS)-a,2-diamino-y-
oxobenzenebutanoic acid (13—4)-lactone (30)

NH,
% N, O-_.CH
— O N o QO HN
o)
HN © N
N N o)
o’”\\ COHO H o H
HO,C
Oy NH HNL
COH \
HOCw>NH £ 0 HN SO Ly
NN TNA H
- O H NH2

30

[0147] The above compound was prepared in a similar manner as
described in steps 3-6 in the preparation of N-{1-[(E)-3-(4-pentylphenyl)but-2-
enoyl]}-L-tryptophyl-D-asparaginyl-L-a-aspartyl-L-threonylglycyl—L-ornithy|-L-a-
aspartyI-D-aIanyl-L-a—aspartngchyI-D—seryl—(3R)—3-methyl-L-a-gIutamyl-(aS)-a,2—
diamino-y-oxobenzenebutanoic acid (13—4)-lactone (See Example 1), except
commercially available 4-(4-isopropylphenyl)butanoic acid was used in the place
of (E)-3-(4-pentylphenyl)but-2-enoic acid. MS m/z 1654.7 (M + H)*.

[0148] Additional compounds were produced using procedures similar to
those described above in examples 1-11 from the corresponding commercially
available carboxylic acids. The carboxylic acids were converted into either the
activated PFP ester or the acyl chloride as indicated in Table V then treated with
the Deacylated BOC-protected daptomycin, followed by removal of the protecting

group.
Table V
Compound # | activation method
1 PFP ester
2 PFP ester
3 PFP ester
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Compound # | activation method

5 PFP ester

6 PFP ester

7 PFP ester

8 PFP ester

9 PFP ester

10 PFP ester

11 PFP ester

12 PFP ester

13 PFP ester

15 PFP ester

18 PFP ester and acyl chloride
19 PFP ester and acyl chloride
20 acyl chloride

24 PFP ester

26 PFP ester

27 PFP ester

29 PFP ester

31 PFP ester

32 PFP ester and acyl chloride
35 acyl chloride

36 PFP ester

37 PFP ester

38 acyl chloride

39 acyl chloride

41 PFP ester

42 PFP ester

45 PFP ester

46 PFP ester

47 PFP ester

53 PFP ester and acyl chloride
54 PFP ester

59 PFP ester

60 PFP ester

62 PFP ester and acyl chloride
63 PFP ester

64 PFP ester

65 PFP ester

66 PFP ester

67 PFP ester

68 PFP ester

69 PFP ester

70 PFP ester

71 PFP ester

72 PFP ester

[0149] To produce compounds wherein the carboxylic acids were not

commercially available, the carboxylic acids were either produced by procedures
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described in the literature or as described in examples 12-17 below. The

carboxylic acids were then converted into either the activated PFP ester,

isocyanate or the acyl chloride as indicated in Table VI then treated with the

Deacylated BOC-protected daptomycin , followed by removal of the protecting

group using the procedures described in Examples 1-11 above.

Table VI
Carboxylic acid | Synthetic Procedure Activation Compound #
compound # method produced
Tetrahedron Letters PFP ester 4
(1999), 40(12), 2401-
2404
81 Example 17 isocyanate 14
82 Example 18 isocyanate 17
78 Example 15 acyl 21
chloride
Journal of the Chemical acyl 23
Society, Chemical chloride
Communications (1979),
(21), 974-5.
Journal of the American PFP ester 25
Chemical Society (1926),
48 2385-93
US Patent No. 3716644 acyl 40
chloride
79 Example 16 isocyanate 51
73 Example 12 PFP ester 55
75 Example 14 PFP ester 56
74 Example 13 PFP ester 57

Example 12: Preparation of 4-(4-(isopropylthio)phenyl)thiophene-2-carboxylic acid

HO

B
HO

)~

S

(3)
s
HO\H/Q\Br
O po—
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HO

S
X S
o) )\
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[0150] A mixture of commercially available 4-(isopropylthio)phenylboronic
acid (735 mg, 3.75 mmol), 4-bromothiophene-2-carboxylic acid (776 mg, 3.75
mmol), Bis(triphenylphosphine)palladium (1I) chloride (131 mg, 0.188 mmol),
acetonitrile (7.5 mL) and aqueous sodium carbonate (1M, 7.5 mL) was heated to
150 °C by microwave irradiation (Biotage Intiator™ Sixty, 0-300 W, pre-stirring 2
minutes) for 5 minutes under an argon atmosphere. The reaction mixture was
cooled to ambient temperature, diluted with water (75 mL), and extracted with
EtOAc (2 x 50 mL). The aqueous layer obtained was then acidified with aqueous
HCI (3.0M) to pH 2 and extracted with EtOAc (2 x 50 mL). The combined organic
layers were dried over sodium sulfate, filtrated and concentrated to afford

compound 73 (990 mg) which was used in next step without further purification.
Example 13: Preparation of 4-(4-(hexylthio)phenyl)thiophene-2-carboxylic acid

(714)
ST

0]

74
[0151] The title compound was prepared in a similar manner as described
in the preparation of 4-(4-(isopropylthio)phenyl)thiophene-2-carboxylic acid
(compound 73, example 12), except 4-(hexylthio)phenylboronic acid (Chemical
Communications 2003,1, 138-139) was used in the place of 4-
(isopropylthio)phenylboronic acid.

Example 14: Preparation of 4-(4-(propyithio)phenyl)thiophene-2-carboxylic acid

(75)
PN
HO\H/Q\Q\S/\/

)

75
[0152] The title compound was prepared in a similar manner as described
in the preparation of 4-(4-(isopropylthio)phenyl)thiophene-2-carboxylic acid

(compound 73, example 12), except commercially available 4-
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(propylthio)phenylboronic acid was used in the place of 4-
(isopropylthio)phenylboronic acid.

Example 15: Preparation of 4-(4-isopropylcyclohexylbutanoic acid (78)

0]

0
©_< [“2 ACI, NH,NH,H;0
+ o —— OH — -

0

KOH
O 76
OH OH
77 78

CH3;COOH
Step 1: Preparation of 4-(4-isopropylphenyl)-4-oxobutanoic acid (76)

[0153] To a suspension of aluminum (Il) chloride (6.7 g, 50.1 mmol) and
succinic anhydride (2 g, 20 mmol) in 1,2-dichloroethane was added Cumene (24,
16.7 mmol) at 0-5 °C. The reaction mixture was stirred at ambient temperature for
16 hours, diluted with 20 mL of aqueous HCI solution (1 M) and extracted with
ethyl acetate (3 x 80 mL). The combined organic phases were washed with
saturated sodium chloride (100 mL), dried over Na,SOs, filtered and concentrated
in vacuo. The residue was purified by flash column chromatography on silica-gel
(4x20cm, petroleum ether:ethyl acetate = 8:1 elution) to give 3.1 g of compound
76. 'H NMR (CDCls, 300 MHz) 8 1.27-1.29 (d, 6H), 2.80-2.84 (t, 2H), 2.95-3.00
(m, 1H), 3.29-3.33 (t, 2H), 7.32-7.34 (d, 2H), 7. 92-7.94 (d, 2H). MS m/z 221
(M+H)".

Step 2: Preparation of 4-(4-isopropylphenyi)butanoic acid (77)

[0154] A solution of compound 76 (0.5 g, 2.27 mmol) and 2 mL of 80%
hydrazine hydrate was stirred at 45 °C for 1 hour. To the mixture, KOH (1g,17.8
mmol) was added and the reaction mixture was heated to 104-1 50 °C for 2 hours.
After cooling to ambient temperature, the reaction mixture was diluted with 10 mL
of water and acidified to pH 2 with aqueous HCI (1 M) and extracted with ethyl
acetate (2 x 20 mL). The combined organic layers were dried over anhydrous

sodium sulfate, filtered and concentrated under reduced pressure. The residue
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was purified by flash column chromatography on silica-gel (2x15 c¢m, petroleum
ether:ethyl acetate = 8:1 elution) to give 275 mg of compound 77. MS m/z 207
(M+H)".

Step 3: Preparation of 4-(4-isopropylcyclohexyl)butanoic acid (78)

[0155] A suspension of compound 77 (1.0 g, 4.8 mmol) and 0.1 g of PtOz in
50 mL of acetic acid was stirred under a H, atmosphere (50 psi) at ambient
temperature for 6 hours. After filtering and evaporating off the solvent, 1.1 g crude
product was obtained. The compound was used directly in the next step without
further purification. LC-MS m/z 211 (M-H").

Example 16: Preparation of 1-heptyl-4-isocyanatobenzene (79)

DPPA
HO — O
Et;N °N 79

0]

[0156] To a degassed solution of 4-heptylbenzoic acid (3.0 g, 13.6 mmol) in
anhydrous toluene (30 mL) and EtsN (3 mL, 21.5 mmol), was added diphenyl
phosphoryl azide (2 mL, 9.3 mmol) dropwise. After completion of the addition, the
reaction mixture was heated to reflux and stirred for 2 hours. The mixture was
concentrated to dryness under reduced pressure to give the product, 1-heptyl-4-
isocyanatobenzene (79), as an oil, which was used directly in the next reaction

without further purification.

Example 17: Preparation of 2-isocyanatoundecane (81)
0] 0]

(COCH);
80
TMSN; O:C:N\l/\/\/\/\/

81

Step 1: Synthesis of 2-methylundecanoyl chloride (80)
[0157] To a stirred solution of 2-methylundecanoic acid (0.40 g, 2.0 mmol)
in anhydrous dichloromethane (20 ml) and a catalytic amount of DMF
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(approximately 0.02 ml) was added oxalyl chioride (0.4 mL, 4.6 mmol). The
resulting mixture was stirred vigorously for 2 hours at room temperature. The
organic solvent was evaporated under reduced pressure and the residue (80) was

used in the next step.

Step 2: Synthesis of 2-isocyanatoundecane (81)

[0158] To a stirred solution of 2-methylundecanoyl chloride (2.0 mmol) in
anhydrous dichloromethane (10 ml) was added azidotrimethylsilane (TMSN3)
(0.32 mL, 2.4 mmol). The resultant mixture was heated at reflux for 5 hours. The
excess azidotrimethylsilane and solvent were removed at 50 °C in vacuo and the

resultant residue (81) was used in the next step.

Example 18: Preparation of 1-isocyanato-4-pentylcyclohexane (82)

82

[0159] The title compound was prepared in a similar manner as described
in the preparation of 2-isocyanatoundecane (compound 81, example 17), except
commercially available 4-pentylcyclohexanecarboxylic acid was used in the place

of 2-methylundecanoic acid.

Example 19: In Vitro Biological Activity

[0160] Compounds according to Formula | were tested for antimicrobial
activity against a panel of organisms. Aerobic organisms, Staphylococcus aureus,
Enterococcus faecalis and E. faecium, were tested by broth microdilution
according to Clinical and Laboratory Standards Institute (CLSI) document M7-A7
(Clinical and Laboratory Standards Institute. Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria that Grow Aerobically; Approved Standard -
Seventh Edition. CLSI document M7-A7 [ISBN 1-56238-587-9]. Clinical and
Laboratory Standards Institute, 940 West Valley Road, Suite 1400, Wayne,
Pennsylvania 19087-1898 USA, 2006) with modifications as described below.
Mueller Hinton Broth (MHBc) was supplemented with 50 mg/L calcium (equivalent
to human physiological levels of calcium) and assay plates were incubated 18-20

hours at 37 °C with aeration (200 rpm).
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[0161] Briefly, compounds were dissolved in either sterile, distilled water or
a 50:50 mix by volume of dimethyl sulfoxide and sterile, distilled water depending
upon the solubility of the compound and were diluted to the final concentration
(0.03 pg/mL-32 ug/mL) in microbial growth media, MHBc. In all cases the final
concentration of dimethyl sulfoxide incubated with cells is less than or equal to
1%. For minimum inhibitory concentration (MIC) calculations, 2-fold dilutions of
compounds were added to wells of a microtiter plate containing 5x10° bacteria in
a final volume of 100 pL of media. Following incubation, (18-20 hours at 37°C with
aeration at 200 rpm) growth was confirmed visually by placing plates over a
viewing apparatus (stand with a mirror underneath) and then the optical density
(ODgoo) was measured using a SpectraMax 340PC*® plate reader. Growth was
defined as turbidity that could be detected with the naked eye or achieving
minimum ODggo of 0.1. MIC values (in ng/mL) were defined as the lowest
concentration producing no visible turbidity.

[0162] Anaerobic Clostridium difficile, MIC values were determined at R. M.
Alden (RMA) Research Laboratory (Culver City, CA) by the agar dilution method
according to CLSI document M11-A7 (Clinical and Laboratory Standards Institute.
Methods for Antimicrobial Susceptibility Testing of Anaerobic Bacteria; Approved
Standard - Seventh Edition. CLSI document M11-A7 [ISBN 1-56238-626-3].
Clinical and Laboratory Standards Institute, 940 West Valley Road, Suite 1400,
Wayne, Pennsylvania 19087-1898 USA, 2007.) The agar used during testing was
prepared to contain 50 mg/L Ca*" by preparing Brucella broth with free Ca™" ion
concentration determined using a calcium electrode, and adding 3.9 mL/L of
10mg/mL of CaCl, solution and then 1.5% agar, in addition, media was
supplemented with Vitamin K4, hemin and 5% laked sheep blood.

[0163] The C. difficile strains were recovered from toxin-positive fecal
specimens collected from 2006 to 2008. They were stored at —70 °C in 20% skim
milk in the RMA culture collection. The strains were removed from the freezer and
transferred at least twice on supplemented Brucella blood agar before testing. C.
difficile (ATCC #700057) and Staphylococcus aureus (ATCC #29213) were used

as controls.
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Strain # Species ATCC# Strain description SAU. 42 Staphyl ococcus aureus
29213 CLSI reference strain for broth mcrodilution MC assay obtained from
t he ATCC @O BEBsBsaphyl ococcus aureus 43300 CLSI Met hi eciriuseosoas7@kaci | |in
Resistant Clinical |solate obtained fromthe ATCC SAU. 278 St aphyl ococcus

aur eus n/a Dapi@aysl i faskad alsioRy oRHe doRHBnd W@ preperdceén pesiagge mut ant

deri vgad f.rom. arent S. aureus 42 EFM 14 Enterococcus faecium 6569 FDA test
or gani smof tesimB@ndeside dp mpdeniagpudsense MXAd: ?n%_B?%ﬂeﬁérﬁofP iedfishes-ATcc

EFM 384 BHPLORRTAISIEARALL MO BrdPRUACKELBatbPRY SOFRhyRELant (14-4) -1 1 qui d
serial passage tdh ~derive rom parent E.faecium 14 EFS. 201 Enterococcus
faecal i s 4945p0185HThe yocutrwas prepaied in §re ap@erghie ahrMBeIRMBARZYY r om t he

Mot o SehlarELaidTgr ook ASiEbhaAT) FAABIR b ther by ont, (EF
Speci es sfar@ard in BBucellarbrdiis and gispensed into the wells of the Steer’s replicator

head. The replicator was removed from the chamber for inoculation of the drug-

containing plates on the bench in ambient conditions. Drug-free control plates

were stamped before and after each drug series to test for viability.

[0166] The plates were transferred back into the anaerobic chamber and
incubated at 37 °C for 48 hours. They were removed from the chamber and
examined for growth. The MIC was the concentration of drug that inhibited growth
or markedly reduced growth as compared to the drug-free control plate, in
accordance in CLSI guidance.

[0167] The MIC values of representative compounds of the present
invention are listed in Table VII. C. difficile values are represented as a MIC90

where 90% or 27 out of the 30 isolates tested, had this MIC (ug/mL) or lower.

Table VII Biological Activity of Compounds of Formula |

Cmpd | Lo | C. diff | C. diff | C. diff | Sa Sa Sa Efm Efm Efs Efs
# t MICgs | MICse | MICq, | 42 399 278 14 384 201 312
# Nap- | Nap-
1 1
Dapto- |n/ | 2 0.5 0.5 8 4 >32 2 >32
mycin | a
1 1 8 2 >32 32 >32 32 >32
2 2 14 2 0.5 8 2 >32 2 32
3 2 0.5 1 1 1 4 0.5 32
4 1 2 2 4 2 8 2 32
2 025 |05 0.5 0.5 4 0.5 16
5 2 |8 0.5 0.5 2 0.5 8 0.5 8
6 2 |16 1 025 [2 0.5 4 025 |4
7 1 |16 1 0.5 2 0.5 4 025 |4
8 1 0.5 0.5 4 4 32 4 >32
2 |8 2 2 >32 16 >32 16 >32
9 1 0.5 0.5 8 4 32 4 >32
10 1 11 025 [025 [1 1 4 0.13 | >32
11 1 |1 0.125 1025 |05 1 4 1 16
12 1 4 2 8 8 >32 16 32
13 1 2 1 32 16 >32 16 >32
14 1 1.0 025 |05 1 0.5 8 1 32
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C. difficile Anaerobic bacteria recovered from toxin-positive fecal

speci nens: RMA # Species 11001-P1 Costridiumdifficile 14001-P1

Cl ostridivwmzdioid7sms] e 11027-P1 Costridiumdifficile 140¢3AR200Q06874T i di um
difficile 13027-P1 Costridiumdifficile 16001-P1 dostridiumdifficile

1001- P1 [CERSS LB TUENGH [T @ €. 3] SaP L (@St 84l Uedh T fliBsinl e BO03} BB
Cl ostrigi ug dikfilagcs, RARL; Pincd,gsier i disew d| 278 ci he 50384 P1 Ztosi 81dium
difficille 90014P1 C os}Kagh Unagi fifi ci lle 900R-P1 ¢l ostrlidiumdiff{cile
11035-!31 Clostiridiumdjfficihe 11037-B1 doptridijiumdilfficile 11038-FP1
Clostridiiggmedifffijcil e 14044{P1 Clostridiumdiffic¢ile 1004-P1 C ostridi um
difficilie 1006- Pl
14 1 2 0.25 0.25 1 0.25 8 0.5 16
Isomer
If
15 1 2 2 16 8 >32 8 >32
16 1 1 0.5 0.5 8 1 32 1 16
5 105 0.5 1 8 2 16 2 >32
17 1 1 0.25 025 |0.25 1 16 1 >32
18 1 2 1 4 2 8 2 32
2 105 0.5 1 2 ND ND 0.5 16
19 1 1 2 4 2 4 1 8
2 1 0.5 2 2 8 1 16
2 0.25 0.5 0.5 0.25 1 0.125 | 4
3 10.250 0.125 | 0.125 | 0.5 ND ND 0.125 [ 2
20 1 0.5 2 8 ND ND 0.5 4
21 1 0.063 |1 2 ND ND 0.25 32
22 1 1 1 2 1 4 1 8
2 2 2 2 4 16 2 >32
3 1 1 050 |4 1 16 1 32
4 0.25 0.5 1 1 4 0.5 8
23 1 0.5 0.50 0.5 1 0.5 4 0.5 4
24 1 4 1 1 8 4 32 2 >32
25 1 1 0.5 0.5 1 1 8 0.5 16
26 i 2 1 0.5 2 2 16 1 >32
27 1 2 2 2 8 4 32 2 32
isomer
|
27 1 1 1 0.5 2 1 4 0.5 32
isomer
Il
28 1 4 1 1 4 4 32 4 >32
2 0.5 0.5 8 2 32 2 >32
29 1 16 8 8 >32 >32 >32 >32 >32
30 1 2 1 32 16 >32 8 >32
2 0.5 0.5 32 8 >32 8 >32
31 1 4 4 >32 16 >32 16 >32
32 1 4 1 1 4 4 32 2 >32
2 0.125 | 0.063 | 1 1 8 0.5 32
33 1
2 1 0.25 0.125 { 1 0.5 4 0.5 8
4 ND ND 0.125 [ 0.063 | 2 0.125 | 2
6 |05
8 105
34 1 0.125 [ 0.125 1 0.5 0.5 2 0.5 4
2 1 0.5 0.5 1 2 4 1 8
3 0.5 0.5 0.25 1 4 0.5 4
35 1 2 0.5 0.5 4.00 2 32 1.0 >32
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Clostridiumdifficile 2002-P1 Costridiumdifficile 1302-P1 Cd ostridi um
difficile 13030-P1 Costridiumdifficile 14045-P1 Clostridiumdifficile
67001- P1 wbastwai7gileam di fficil e 25001-P1 d ostri di um di f PCEiUS2002068Y27 P1
Clostridiumdifficile 11042-P1 dostridiumdifficile 1007-P1 Cdostridium

di ffici [ecHPPLEY SIasf €1 dif @ T 192C1 T]esa NAP3a O 0&tm 1 digfm diEféi c| Ele strain
recover ed fromit amic;PP™IC:) YMICHcal spesgonens7aNo| 1RVA | B8439 REA Bi12 RVA
refers tto RM Algden LabgsNaganNapMini ca,| California. Exanple 20 In Viyo
Bi ol ogi gal Act]i vijty 1 [0168] Syri anl gol den hamsters werel pretfeated with
10 ng/ kd c36 ndam/|d.; spubcut aneougloR524| hur 51.8ef 0PS back eri@-Schatl enge. An
i nocul urh 037 201C.| diff] cil e|spor e®.2BATID #4368%) | O stléril e &alihd was
admi ni stler&l drallly. Tfeat ment wd$.35ni 9.2t ed0-A0 hoQbs pdst - i nheul APPan wit h
dH20, netrohi ddzdl® (MET). vancormidion (G209 | 2.80 a2dhnpdund -5t he2présent
i nventi qn. 4@ 411 d& ngl r egi frens fldr00vAN-80(H | 889 0338s |2 ForhdlalB were 0.5
ny/ kg onced4Uaillly [for 5| days| MET Idas ald?i ni s2ereq8at AF3Ay/ }1 t ht 822 tli mes
dai ly fdr_42 ddvis.| ©@AD was ¢onfir® as!theltause2of dath bl ohsBPuations
at necrqgps43 ijZcl|Wi nglwet tlail gnd/ori macroscopilc cegal alterations: The %
protectilon prawi dedl byl eachl|ther d®1%es®.8d wAs callenl 41484 atl1 and221 days
post - dosi né4 THe |B@h per cenmt age |gr ot ecti on|dal ue 16f rlerfReskdt at | 982
conpounds €5 t[He |p¥2%esent inventidm are| 8istedd3 n|PaBI & A1 1| >3Fabl &32/|11 In
Vi vo I\/EariSCFTﬂQBt ectli on Val ues |Conpgund # Mean| % Protectilon Study n|Hangter n
A alal
1 bay P St45DO I1nu 821 ys—Eost 4 7 |4 >32 32 >32 32 >32
isomer
1l
46 1 32 16 >32 >32 >32 >32 >32
1 16 16 32 >32 >32 >32 >32 >32
47 1 8 16 ND- >32 >32 >32 32 >32
1 32 16 >32 >32 >32 >32 >32
48 1 2
2 |12 1 1 2 2 32 1 >32
3 025 |[025 |4 ND ND 1 32
49 1 1
2 0.063 | 0.063 | 1 0.25 |4 0.125 | 8
3
4 0256 (025 [1 0.5 4 025 14
5 025 (025 |1 0.5 4 025 |4
6 025 |05 1 0.5 4 0.5 4
7 105
8 105
9 0.275
0.25 |0.50
50 2 105 025 (05 1 1 4 025 |4
51 1 0.5 0.125 | 0.125 | 1 0.5 4 025 |8
52 1 2 025 (025 |05 1 4 0.5 8
2 025 |025 |05 0.5 4 0.5 16
53 1 1 025 [0125]025 |025 |2 013 |2
isomer | 2 0.063 | 0.125 | 0.5 025 |1 0.063 | 2
|
53 1 1 0.5 1 2 1 4 1 4
isomer
Il
54 1 14 0.125 | 0.25 |[0.125 | 0.5 0.5 0.25 |05
isomer | 2 0.125 | 0.063 | ND 0.25 [0.25 |0.063 |0.25
|
54 1 4 1 1 2 1 2 2 2
isomer
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Cmpd | Lo | C. diff | C. diff | C. diff | Sa Sa Sa Efm Efm Efs Efs
# { MICq | MICso | MICq, | 42 399 278 14 384 201 312
# Nap- | Nap-
1 1
1l
55 1 0.5 025 {4 2 8 2 >32
56 1 2 2 8 8 32 8 >32
57 1 1 1 2 2 4 1 8
2 |8 8 4 4 16 16 4 >32
58 1 0.125 1 0.256 (0.5 0.5 1 025 |2
2 |4 0.5 0.5 1 1 2 0.5 8
2 1 1 1 2 4 1 8
3 0.063 | 0.125 | 0.5 ND ND 0.25 1
59 1 4 0.5 0.5 4 4 32 4 >32
60 1 1 4 8 4 16 4 >32
61 1 2 0.25 (0.25 1 0.5 2 025 1|4
2 0.063 | 0.063 | 0.25 | ND 1 0.125 | 4
62 1 2 0.5 0.5 0.5 05 1 025 |2
2 0.125 | 2 0.5 ND ND 025 |4
63 1 2 025 |025 |0.25 1 1 0.5 4
64 1 1 0.125 [ 0.25 | 0.5 1 4 0.5 16
65 3 2 2 16 8 >32 8 >32
66 1 |8 8 8 >32 >32 >32 >32 >32
67 1 4 0.5 4 4 8 >32 4 >32
68 1 16 4 ND 32 16 >32 16 >32
69 1 2 0.125 { 0.125 | 0.125 | 0.5 4 0.5 32
70 1 16 8 8 >32 >32 >32 >32 >32
71 1 16 2 2 32 16 >32 8 >32
72 1 32 >32 >32 >32 >32 >32 >32 >32
wherein
Aerobic bacteria:
Strain# | Species ATCC# | Strain description
Staphylococcus CLSI reference strain for broth microdilution MIC
SAU .42 aureus 29213 | assay obtained from the ATCC
Staphylococcus CLSI Methicillin and Oxacillin Resistant Clinical Isolate
SAU.399 | aureus 43300 | obtained from the ATCC
Staphylococcus Daptomycin resistant mutant (D10)- liquid serial
SAU.278 | aureus n/a passage mutant derived from parent S.aureus 42
Enterococcus FDA test organism in AOAC test for germicidal activity
EFM.14 faecium 6569 obtained from the ATCC
Enterococcus Daptomycin resistant mutant (14-A)-liquid serial
EFM.384 | faecium n/a passage mutant derived from parent E.faecium 14
Enterococcus Quality control strain for API products obtained from
EFS.201 | faecalis 49452 | the ATCC
Enterococcus Daptomycin resistant mutant (EFA)- liquid serial
EFS.312 | faecalis n/a passage mutant derived from parent E.faecalis 201
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8 52 100 88 1 8 53 13 0 1 8 Compound # Mean % Protection Study n Hanster
n 1 Day Post Dosing 21 Days Post Dosing 54 0 0 2 16 Metroni dazole 100 O

2 10 Vancwoyoiomn790562 PCT/US2009/068747
Strain # | Species ATCC# | Strain description
C. difficile

Anaerobic bacteria recovered from toxin-positive fecal specimens:

RMA # Species

11001-P1 Clostridium difficile
14001-P1 Clostridium difficile
11027-P1 Clostridium difficile
14043-P1 Clostridium difficile
13027-P1 Clostridium difficile
16001-P1 Clostridium difficile
1001-P1 Clostridium difficile
1002-P1 Clostridium difficile
1003-P1 Clostridium difficile
2001-P1 Clostridium difficile
5001-P1 Clostridium difficile
9001-P1 Clostridium difficile
9002-P1 Clostridium difficile
11035-P1 Clostridium difficile
11037-P1 Clostridium difficile
11038-P1 Clostridium difficile
14044-P1 Clostridium difficile
1004-P1 Clostridium difficile
1006-P1 Clostridium difficile
2002-P1 Clostridium difficile
1302-P1 Clostridium difficile
13030-P1 Clostridium difficile
14045-P1 Clostridium difficile
67001-P1 Clostridium difficile
25001-P1 Clostridium difficile
11041-P1 Clostridium difficile
11042-P1 Clostridium difficile
1007-P1 Clostridium difficile
1008-P1 Clostridium difficile

NAP1 Clostridium difficile strain recovered from toxin-positive fecal specimens No.
RMA 19139 REA B1,

RMA refers to RM Alden Labs, Santa Monica, California.
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3 21 [0169] C. difficile infected control hansters (n=30), dosed
wth sterile water, all died within 48 hours of inoculation. MET (n=10) or
VAN (n=21wotonwt7aant s achi eved % protecti ons of, respecPCralsg09nes¥¥ or 90%
at 1 day post-dosing, and 0% or 62% at 21 days post-dosi ng. Conpounds of
the pr es%n{'% 8814 ORoRiQ¥s iggq\c%,ﬂ{ otections as high as 100% at both 1 and
21 days - . t is believed that conpounds with a
structural re§®88] Syrian gadembarasisrs were eteaied Withv&Pe/be cH@MYCEL| osed i n

EP Pat ent i ' ; , JdifficiR35, 725
('725) angg%'@ut@ﬁ%ﬁ%%ﬁéﬁ% h%%é%oe&ﬁ?@gge\%li%%ﬂ%. Pﬁf:lgggg?gf%dzah]%rdgizﬂ%?n their
ent i r et y.spBess. (A3 CE. #43596p vusterile Saling wasadwinisiered oralyd Trgatmeotwasxanpl e 73) .
However, .t. i | r si.gphEeant 1y | ess
et vi ty SRR A RS o N B R e OB M YO ERT Y 1 G5
vari ous LeaNgréral caahpaindsaf thenptesentrigvernitios.e Ordlatosimgaegigwmnstfan{Al o

dapt in. F 9 ' 2 i ieved to b
Che. onty iesig e BHEmTanpREe 3 mdlko it (A oS HapK, Me bEs TIPS e To
conpoundsadd@nistetedat 70 migh threestends dallyéorts days. NeDAD veasquofirded 82 and 33 of

t he present inventjon exhibit unexpected and, ipproved. rties against C
di fficil d"a83%sA ‘gélr?@ghw P%?ﬁ“f%%né a@P?QrOWe'W WSF%'&%F‘?@F conpounds 32
and 33 agphdtescdpic clichl hledrhBorR! eThé B Meotattiomsbvided bheneatherdyey th$t€80 f or
conmpound 39 is I n addit.ion, roved properties

6. conpound ﬁé and 33 sth [ "Et
over variWRRCaeyRIpd 8 1 anAL 1HaYgPoRIRRING: | e 15ER BPTENA95AEFYRY t hose t hat
are resi sim oftrepréaehtafive tdmpounds of islgrébertmueption afellistéein Bebeect, as shown
by Table 1 X, conparative data anal yses of conmpounds 48 to 50 of the present
i nventi onVMi th known conpounds 111 and 112 as described in '725 and ' 525
reveal that conpounds 48 to 50 exhibit superior and unexpected activity

agai nst gram posi tive baghethify Vins Médh9olcb@sevaias are resistant to
dapt onyci n. For exanpl €, conpounds 49 and b0 have M C val ues of at nobst 0.3

agai nst Sa42 whereas ttre~M Crvaiues{or—comppunds [ITT" and 112 are at nost
1.0 and 0.5 respdctively. A sMeadApBIRRFI29 shows li ncreased and unexpect ed
activity as a whdl @oﬁ‘%@hﬂ@%ﬁ S8Ry $az2l Baykt PHIVEf HABAMer £ 5201, and Efs
312 when conpared to 111. Tabl ¢dsX: |DatrosConpar? sgn of' Conpounds 48 to 50
with 111 and 112 |of ' 725 and| pDé&siiy nd # Lat # C |diff MCO0 Sa42
Sa39 9 Sa27 8 EfntT 4&;@384 T SZPL B s3% Daptogycdin g a|2 0.5 0.5 8 4 >32
2 >32 11 82 >32 32332

16 100 85 2 13

22 85 38 2 13

43 100 60 1 5

34 85 38 2 13

33 85 69 2 13

49 100 100 1 8

28 100 100 1 8

52 100 88 1 8

53 13 0 1 8
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32 >32 48 1 2

221122321>32 3 0.250.254 NDND132 491

1
WO 2010/075215 PCT/US2009/068747
Mean % Protection
Compound # | 1 Day 21 Days Study | Hamster
Post Post n n
Dosing Dosing
54 0 0 2 16
Metronidazole 100 0 10
Vancomycin 90 62 21

[0169] C. difficile infected control hamsters (n=30), dosed with sterile water,
all died within 48 hours of inoculation. MET (n=10) or VAN (n=21) treatments
achieved % protections of, respectively, 100% or 90% at 1 day post-dosing, and
0% or 62% at 21 days post-dosing. Compounds of the present invention provided
% protections as high as 100% at both 1 and 21 days post-dosing.

[0170] It is believed that compounds with a structural resemblance to those
of the present invention are disclosed in EP Patent No. 0095295('295), and U.S.
Patent Nos. Re. 32,310, 7,335,725 (‘725) and 6,911,525 (‘525) all of which are
incorporated herein in their entirety. See. e.g., compound 39 herein, or described
in '295 (Example 73). However, these previously known compounds demonstrate
significantly less activity against gram positive bacteria, such as C. difficile and
other various bacterial strains, including those that are resistant to daptomycin.
For example, compound 39 of the ‘295 patent is believed to be the only previously
known compound that bears a structural resemblance to compounds 32 and 33 of
the present invention. Novel compounds 32 and 33 of the present invention
exhibit unexpected and improved properties against C. difficile as evidenced from
Table VII. The MICg values for compounds 32 and 33 against C. difficile are 4
and at most 1, whereas the MICg, for compound 39 is 16. In addition, compound
32 and 33 show improved properties over various other strains of gram-positive
bacteria, including those that are resistant to daptomycin.

[0171] In yet a further aspect, as shown by Table IX, comparative data
analyses of compounds 48 to 50 of the present invention with known compounds
111 and 112 as described in '725 and ‘525 reveal that compounds 48 to 50 exhibit
superior and unexpected activity against gram positive bacteria, including those
that are resistant to daptomycin. For example, compounds 49 and 50 have MIC
values of at most 0.3 against Sa42 whereas the MIC values for compounds 111
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2 0.063 0.063 1 0.25 4 0.125 8 3 4 0.250.2510.540.254 5
0.25 0.251 0.5 4 0.25 4
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and 112 are at most 1.0 and 0.5 respectively. Also, compound 49 shows
increased and unexpected activity as a whole against Sa399, Sa278, Efm14,
Efm384, Efs201, and Efs 312 when compared to 111.

Table IX: Data Comparison of Compounds 48 to 50 with 111 and 112 of ‘725 and

‘525
Compound | Lo | C. diff | Sad42 | Sa39 | Sa27 | Efm1 | Efm384 | Efs201 | Efs312
# t MICg 9 8 4
#
Daptomycin | n/ |2 0.5 0.5 8 4 >32 2 >32
a
1 1 8 2 >32 32 >32 32 >32
48 1 |2
2 |2 1 1 2 2 32 1 >32
3 025 |025 |4 ND ND 1 32
49 1 1
2 0.063 | 0.063 |1 025 |4 0.125 |8
3
4 0.25 |0.25 1 0.5 4 0.25 4
5 0.25 10.25 1 0.5 4 0.25 4
6 025 |05 1 0.5 4 0.5 4
7 105
8 05
9 0.275
50 2 105 025 105 1 1 4 0.25 4
111 of ‘725 ND 0.781 | 0.39 | 625 |3.13 12.5 1.56 50
and ‘525 1.0
112 of ‘725 ND 0.5 0.39 1.56 | 0.39 1.56 <0.1 6.25
and ‘525 0.39

[0172] Thus, the aforementioned compounds disclosed in the prior art are
believed to be completely different from compounds of the present invention,
which are novel and active against gram-positive bacteria, show increased activity
against Clostridium difficile, and/or show unexpected activity against bacteria that
are resistant to daptomycin.

[0173] While some embodiments have been shown and described,:
various modifications and substitutions may be made thereto without departing
from the spirit and scope of the invention. For example, it is not intended that the
claims set forth hereinafter be construed narrower than the literal language
thereof, nor is it intended that exemplary embodiments from the specification be

read into the claims. Accordingly, it is to be understood that the present invention
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has been described herein by way of illustration only, and that such descriptions

do not constitute limitations on the scope of the claims.
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2 0.50.250.511 4 0.25 4 111 of '725 and '525 ND 0.781 1.0 0.39 6.25
3.13 12.5 1.56 50 112 of '725 and '525 ND 0.5 0.39 0.39 1.56 0.39 1.56
<0.1 6.25 [0172] Thus, the aforenentioned conpounds disclosed in the
prior art are believed to be conpletelé di fferent from conpouppnds;pf the
present invention, which are novel & ctive agai nst grampositive
bacteria, show increased activity against Costridiumdifficile, and/or
show unexpect ed activity agai nst bacteria that are resistant to daptomnycin.
[0173] Wi | e sone ﬂp ts have been shown and descri bed, various

modi f i cat iFbFERZHRC € BgTFgﬁ )i ons may be made thereto without departing from
the spirit and scope of the invention. For exanple, it is not intended that
the clains set forth hereinaftes be construed narrower than the literal

| anguage thereof, nor is_i snded that exenplary enbodi nents fromthe
specification be r ead™ nto 2 5. Accordingly, it is to be understood
that the present invent®#0n 5-hgen descr ybdd herein by way of
illustration only, &fd ¥ suth Lt Longl dawnot constitute limtations
on the scope of the clajps H ompound of Formula (1)

HOLC H

and pharmaceutically acceptable salts thereof, wherein:

QL
' {CHp) CHy

Ris " and v is an integer from 3to 7.

2. Acompound of Formula (Il)

HOL
OONH; [CHR3CHy
H
\-_f M w
} C.

NH

0:5 NH ;

m
HOZE .

or a pharmaceutically acceptable salt thereof.

3. A pharmaceutical composition comprising a compound according to claim 2, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
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and pharmaceutically acceptable salts thereof, wherein: 2. A compound of
Formula (I1) HN F42 CQOHN HNhr..NH2 0 O HO2C or a pharmaceutically
acceptabl e salt thereof. 3. A pharnaceutical conposition conprigtagL@
conpound according to claim2, or a pharmaceutically acceptable salt

t her eof, am%w&&&wme&hp&ﬂiohmmﬁw ADHBMCRKE @ in trdatinfy HhFrevEMEL R cal
conposition as defined in claim3 for n treating or preventing a

e
bact eri al P?’ﬁ"%r@flnfﬁ‘ft“?%’”é’ U}?ﬁﬁrﬁ?aﬂﬁ'ah?ﬂi {f& subject. 5. The pharnaceuti cal

conposition as defined in claim3 for use according to claim4, wherein the

Subj ect | Sgo ERMoeficaTBENPRREATR SWihRtn EAIRASId 18R ReadlRb Beshibny,ol ai m 3

for use accor to claim4 or claimb5, wherein the bactertal infection is
caused by 8[“@'@@ sbiephie2 bd®feria. 7. The pharnmaceutical conposition as
defined in claim3 for use according to any one of clainms 4-6, wherein the

bacterga i $ha p@rﬁ@bédti@bilﬁ&rﬁioéiﬁérc bt Qefmlcdah Rlaif. 3 ?ahess@faaécrm@uﬁ @ 4 or
conposition as_defi ne useggccor m 7, wherein the

G o5tr di AT 7 RESPE tag Pafer Bleduals s LY AARTIROSI A LT, oi rai . o, The

pharmaceutical conposition as defined in claim3 for use according to any
one of 7¢l airfg pharfhaceMiies eompblitorDas tiéfied i Slami 3500F Uk SédoflinE®l &rlyadie of

bacteri a. t t def i ned laim3 f
accor di ng POMEIGE RS RE PE A fié ARTTOIBETEIRSER Gt ant bacteria 1s

dapl onyci n resistant Staphyl ococcus aureus, daptonycin resistant
Ent er o8occlise phawiaventicalagingrogtiom as edsfisédint clem &r oc ase wscdrdieg dbidaim 7,

et hi ci 11| L5l 563000 h AR OHE QRGNS AUAUSosiRliu dficll Ursin0f bacteria

conprising a PeaSt one e an C reS|s eria. 11. The
pharmaceutical conposition as defined in claim3 for use according to claim
9, whesgei nTmmahamhbebjnoaliwmpesinst antiefinad tire cliaen i3sfor esd stcarding © argnemfci n,

et hi ci |11 g, las GRRLY HE LARLKPEGH A RnioRGRl G e, daptonycin. 12, The

phar maceut i cal” cdnposition as de |ne Arm 3 tof use accor di ng to any
one of clainms 4-6, wherein the bacterial infectionis CostridiumDbDifficile
Associ &.edTi pharsacé@OAD)ompb3itioT e qefiaedrinc dain Salor ciserposirtingrio a@irdea‘i ned in

claims3 for%lé’réﬁ & R b%ti'BQ'e%t&aﬁl Bl 3 d%&% H‘rég&?angs?%a{gfi%&ﬂ ?; C' le

Associ at ed sease arl ses romor 1s exacer
difficile famearcnresisiant E@terog@coyﬁéae@w@émi@ﬂa@@wtm Eﬂ@rczqoatvuﬁfaeqa@? the

manuf act ur geffciik f@@@.iaﬁta Phy:eﬁé&c&sh&réwseeﬁ FeRkuRf offodeRAb RbmBlisihd'beesdion in a
human or an ani nal he compound according to claim2, wherein

t he conpou?ﬂfqféh%?ﬂ“PGPWPétBQBba%ﬂﬂSLLP OHHO Isl.,: .0 CO2H 0 NH. HO2C

11.  The pharmaceutical composition as defined in claim 3 for use according to claim 9,
wherein the antibiotic-resistant bacteria is resistant to vancomycin, methicillin,
glycopeptide antibiotics, peniciiin or daptomycin.

12.  The pharmaceutical composition as defined in claim 3 for use according to any one of
claims 4-6, wherein the bacterial infection is Clostridium Difficile Associated Disease
(COAD).

13. The pharmaceutical composition as defined in claim 3 for use according to claim 12,
wherein the Clostridium Difficile Associated Disease arises from or is exacerbated by a
Nap1 Clostridium difficile infecton.

14, Use of the compound according to claim 2 for the manufacture of a medicament for the

treatment of a bacterial infection in a human or an animal subject.

15. The compound according to claim 2, wherein the compound is of formula
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1. 42N902HH: HH 1 O or a pharnaceutically acceptable salt thereof

MCSLLP

or a pharmaceutically acceptable salt thereof.
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