CYCLI C BORONI C ACI D ESTER DERI VATI VES AND THERAPEUTI C USES THEREOF RELATED
APPLI CATI ONS [ 0001] This application clains the benefit of U S. Provisional
Appl i cat iwo 2bip#02163/ 372, 296, filed August 10, 2010, andP6T/Us2@165®57fil ed
May 20, 2011, both of which are incorporated herein by reference in their
entirety. FIELD OF THE | NVENTI ON [ 0001] The present invention relates to
antim crobial conpounds, conpositions, their use and preparation as

t her apeut i cyegqet BORONRAACIDESTER PERIVAIAVES AN THERAPLBTES USESYClicC
boroni c acid ester conpounds. BACKGRg#NUEEF THE | NVENTI ON [ 0002] Anti bi oti cs
have been effective tools in the treatnment of infectious diseases during
the last half-century. Fromthe devel opnent of antibiotic therapy to the

| ate 1980s there was al nost conplete control over bacterial infections in
devel oped countries. However, RELABIDHNPPEICATIONSpr essure of antibiotic
usage, nultiple resistance nechani sns have becone w despread and are
threatening the clinical utility of antibacterial therapy. The increase in
anti bi otic resjgjapt Slin@aBﬁliJ&%n Re£ s PRE tHeRbi@bt Y7.§OPRRidAl ! pPication
hospital s and care centers. The consequences of the increase in resistant
strains i Nob.uglE3 T, e rfiled Aigdstt A0, 20d0.nord: @l/i+88,053, dlgeé™Mpad.e2ill, both of
hospitaliz t'oné.and an jncrease in trea%gent.c sts [0003] Various bacteria
have evol VEINPE ISRPIRGLART T DA PRE SR IV HEL SMiERel y, 13- | act anmses, ¢ hat
counter the efficacy of the various 13-lactans. 13-|actanases can be
grouped into 4 classes based on their am no acid sequences, nanely, Anbler
classes A, B, C, and D. Enzy i I ] nd D include active-site
serine 13- actamases, and cIgggﬂépgﬁgﬁﬁgzﬁVﬁ%Téﬁmgre encountered | ess
frequently, arg00m} depriedepiesentheig@erivay nesateat & Yy ztinieolsihle mee@pounds,
degradation of 13-lactam antibiotics, rendering them.i nactive. Sone

13- 1 act anB¥BROSEHMS bt A S Prepdrakion s theiRprusistaserts JRMREirylapabe argsant
strains afeaRstlfites 0GR RiGMPlohAGHRL ! a1 Tesistance and t he
evolution of multi-resistant strains severely limts 13-1actamtreatnent
options avail able. [0004] The increase of class D -|actamase-expressing
bacterium strains such as _Aci Q e L] becone an energi ng
mul ti drug-resistant threa#ﬁxégg%gﬁﬁﬁhﬁﬁEq@ﬁ?ﬁfﬁgNgﬂgﬁess A, C, and D cl ass
13-1 act amases. ;0'602{ cl a8t i3 - hAC RERSGR AW ModS ih e PEARMJIFi iRRecBOR
particularly effective at destroying carbapenemtype 13-|actam antibiotics,
e.g., inm peessny duleg tetlast dhafanebampen&nen dongorpment ofvintiots: tRefapmxd tier )
(Mont ef ou ~et al. Crit. Care Nurse 2008, 28 15;. Perez, .F. et al.

Exper t Reif.”‘e ﬁﬁ?‘?s h’ﬁ’FeecY‘Ea.S aHygt C%ﬂg‘,‘“’ %?n“fgé);v%i’ﬂ‘?te@; mE?eFPPP%é‘} dagislopedy 5.
Anti m cr oBeurfg&Nt HowBRIDINNREpond® @9 thedflesstidBof ZRBRoticoBbagd 288 tipBAesistmceet al ,
J. Antimcrob. Agents Chenother. 2000, 44, 1556). This has inposed a.
pressi ng tigekamisnsohgveebedomec widespigad apd age (ogsatening Hhe CélatcéngBth of eagat and
prevent b fi i.nf ecty deed the.. o] tal £l based
b 1 act amogedh abefly o ghe Wershity BB HER hneho B0 BEE BicuREH0

vari ants. cdihese inSsidps Hospitas edd tdaee demelsopMaatcoateqhieines "dfemeriatiearsin of
cephal osporins. Wien initially released intq. clinical practice, .

ext ended- &5860f taieeipRlAe Bisdei merbidity andgponaliy dpyasr pasnt hawighetionedtd cl ass
A 13-1 act : -1. However, the devel opnent of resistant
strains by t gﬁgzéﬁg%%gﬁﬁgP§EYngle am no acid substitutions in TEM1 and
SHV- 1 resul t ed[0003} he énugbaceriohavehsy obet] Prld edmsipacti vating 8ntyacdsanesdy( ESBL)
phenot ype hgooakihbm113-.actaqﬁ£es have _recently evol ved t hat

hydr ol yzePi#eABaehalfah eI 208 cHicagk At nie MaBPE B125%1RY -y H&a?lﬁ?eﬁe%ﬂ?e

bi apenem oAAHLPRRSI120RE BREAIM th&PImBH RRERGMNAS iBlkly, AntENgLssd3al Bct am
anti biotics. These carbapenemases bel ong to nol ecul ar "cl asses A, B, and D.
Cl ass A c&r bap&nehnmmeesdh ddsecskiPCCt gk Dpineldderiaotavet dite serink|Belbgthmhdea, and
pneunoni a bué now al so nqgorted i n o&p?r §pterq:acter%ageae, Qse%%onnnas
aer ugi nos5%and AMRECoBYETE AT D SUFRRITTC Torh &1 9a5e Lar B pahamideiias FF st
descri bedehdynkdntdlpzdNetidt kh&aical dB@addtdn 8f PCRclahie Antisistick, SeRdErinat @dmw del y

inthe US, It has been particularly problematic in the New York City area,
wher e sevdnaglive: e pomesp-Gictaspsesn ganbe Hiansieapd rvilos ping dlesweandv Pieup dgeterial
nor bi dity have been reported. These enzynes have al so been recently
reported in France, G eece, Sweden, United Kingdom and an outbreak in
Germany has recently been reported. Treatnent of resistant strains with

car bapenens can be associated with poor outcones. [ 0006] Anot her
mechani sm of 13-| actamase nedi ated resi stance to carbapenens invol ves

conbi nati on of perneability or efflux nechani snms conbi ned with hyper
production of beta-|actamases. One exanple is the loss of a porin conbi ned

i n hyperproduction of anpC beta-|actamase results in resistance to i m penem

~ o o o ~r r 1. o



(a) Yis a 3-4 atom al kyl ene or 3-4 atom al kenyl ene |i nker, (b) R6 is
absent, (c) R7 and a carbon atomin Y are taken together with intervening
atons to worm22sasbstituted or un sub s tituted aryl or paTAsh&tiogsassed or
unsubstituted heteroaryl, and (d) each R8 attached to a ring atom form ng

part of the substituted, or ungubstituted aryl .or a substituted or .
unsubst i t HEE Rt SeG5hy 1 0F SRRy ﬁ?tbaﬁ_am#_ PSS GRS the evolutign of g

i ndependepi|yant @l-ARd @JeklyOAs PN GRAS St bbnRfavifiabhal 0 . 9 alkyl, -C2_9
al kenyl, -C2_9 al kynyl, -NROR1l, -0OR9, -G _9al kylCO2R9, -C2-

9al keny1CO2R9, [00®4Dal Khheyih@erRID! clasalhBdyatimiseBRRRYsing badterilepehdontiah (i)
an R7 and an R8 agre taken together with the atons to . which they are

ot ached B WBrTaCl AEPEL PR TS Pestotst PhoRut ub e el e ut eq
or unsubsbimee faleerpisd Xl C, £id D) chisgpMdiahasky BRACIRE b pasdthasiseh endr C2_9
al kenyl eny1CO2R9, or gl i) each R3 attached to a ring atomform ng part of
a substit &t &8 SXAufRibst preupasdcy effectiygsi flestroying carbapanemotype B-lactam

i ndepende | ected. r QL .Sk f -G V2 . .
2 ol Ronghiblofs: B Athib{RM, nDWOhR, ERNRIEENTToRhobly P NER Y brimasind)
- C2- 9al kywmydRoly, Kgat i o¥ied. YlardRNurss Uoo8] R8It 85 Refre) S @bl iBxpef Rt Wnti
substituted or_unsubstituted heteroaryl, substituted or unsubstituted

car bocycl jnfectaRers 28 bt % BWr Cunldaniver-Bslteds hed Byl yigents Chemogheey R1
i s indepe V. o) bist , - OR9,
B R R R A B S M
unsubsti t bb¥d. Adisdrasampbsedsybstsinguhedt orthe pfedstivsebedrugaibthatycitagory end
substituted or .unsubstituted heterocyclyl; each R' is

" ndepende EHy G dIETE Bed i a gty COFE eiHerbst o GRaoRNG seimsbased P
unsubsti t yeethaEyhas SSdedt 8B deQr thiN SMPH tHeUIE@s RETRECINY varifiPStrinbd ed or
unsubstituted carbocyclyl, and substituted or unsubstituted heterocyclyl;

X i s sel eovess ortored 4hgydewghopsie iof fiva g gaferadions’ Cop RyphalogpriinsarWosy itidalbei d

i sosteres;

(G o aickized il ibBg By sl R R e g B kst Rardlysd®y !

- C(R13) 20@(6%@@1@19&512&}!% @ﬂgctamgieﬁlﬁEmC(aﬁﬂ GfRIML;1. Howeveeaglk Rldlobfent of

i ndependent|y selected froma group consisting of Hand Cl1_ 4alkyl; and m
i s i ndepefrdBiL yiraias by e eyalytinn of engleraming agig spbstitutions i &M lrandadhv-1

G _9al kyl I IS 1R ' |y

substit ut geg%%gfﬁf%é%gﬁ%gﬁﬁ%@éb edtt%g{ @g%gﬁ%gr@%@%& rréﬁlﬁg)%k has the
structure of fpo0e8] a INew I[BHacamasephadanacestentyl Eyolaar eplaabhedrsBlzé teer eof ,
wher ei n: the bond represented by a dashed and solid |ine represents a
bond sel ettBaPenEImAate gF otipireisradiadyi werleding UniRgheEn.p BRPeaHY: UGB bond
with the | t hait I i €80 .0n ond
when n 1 s bR e e e PP s
consi st i nbelofig @& mdecuCN, clGBES As B, and0R9, ClagX 20 pNRRbemased ofGhe K PERIypeor
alternativelg, . R2 and Rﬁlg%ée L%aken to etheb Wt h thel at ons ta whi ch_t hey
are attach&EdoPyapty mia Vet QEeBrONIHs ublt | POV ed?lse yITePsEBst !t uPBY or
unsubst i t uh e NRIRIPE Y IPseiridRRhlit HERDind5, BRS UBSLidHEBA HEeARBAGY CTNd KPT
substituted or unsubstituted heterocyclyl; R3 and RS are

i ndependeparbgpeseinasst MSfﬁi@mcascgﬂ@dpmcéﬂgﬁ sn | NertlofCapplinar, buehNsin@eFghen- RS,

-0R9, - =0) NR9 - = ith th i . 1.f h .. WO
2012) 021 4Beken e 53 s e P L dthasdiskt el REyRES HhotRerblia e NE§ TRZ L,

doubl e bongat Whére R3vamdrepbriabe s@bae RithindMdjod hbspilandaRiepdRit priAEikPhee an
integer from1l to 2. [0011]In sone enbodi nents, the conpound of formula I

t he struchefereppriedr kiigss Meryses Nive alsqbeen sergpthnceperfedain yraceeftedste sal t
t her eof , | Dy . d nt e S | i jne
represent %g&ﬁiéﬁjdn ltseéil Iééqgtggﬁjf Pdgl% %ggeg?%gpﬁlc%ﬁg%{% |ﬁ§s EE? glelat%g;gﬁ%féé (r)éfcl "and a
doubl e bofekatment of re3@edmt R2aiandithéadngenend epe belessbliyited etigdcpoad ofitcoimea gr oup
consisting of G, F, CN CF3, -R9, -O0Ro, -Cf?gO) NROR1, and -C(=0)O0R9; or

al ternativel y, 0006k AMpther amgchanisan ©5gdt-lemase n mehated ofEsitdNhi n t hey
are attac Qﬁgzﬁeﬂeﬁ& F0ofves ¢BRIbl fatbe df gérn&k%ﬂ'i'?yﬁ bt g In@hYhism$ YOS binkd WG or
unsubstituted heteroaryl, substituted or un sub stituted carbocyclyl or
subst i t ut bybeorproducsal of thetadhetdmhets er @ugy ekample is the loeaoh aR®riancbnRnal @

i ndependently selected fro ro consisting .of G, F, ,. CF3, -R9,
ORer o LeppSRAS RN g . Atk Rt GRS heS Yoy S 0 ¢ HaPHiRY M
represented by a dashed and solid line is a double bond then R3 and R5 are
absent. [0012]In sone enbodi nents, the_f_orrpound of fornmula | has the
structure of formula IVa, I1Vb, or IVc: “1Vc or a pharmaceutically

acceptabl e salt thereof, wherein: the bond represented by a dashed
and solid line represents a bond selected fromthe group consisting of a



[ 0015] Some enbodi nents include nethods for treating or preventing a
bacterial infection conprising adm nistering to a subject in need thereof,
an ef f ectwoeommwss of any one of the foregoi ng conpoun@#STAS2¢00PEST ti ons.
[ 0016] Sonme enbodi ments include the use of any one of the foregoing

conpounds _or conpositions i he preparation of a nmedi canent for the
1ot mont POAGTBUAA R a1 LR GRRTPR Vel FRET B O OUEDY b P ST it s
further cgmnd senRAM-Bleahfké hrtgnaﬁns@dféisﬁﬂ QRalesIREES AFENoartRipb @R JuBh Aas

separate conposition or in the sanme conposition. [0018]1n some enbodi nents,
t he addi t mengglenemdi canent i ncludes an anti bacterial agent, antifungal
agent, an anti yj agent, ap anti-inflammmator ent aor an anti-allergic
2ent . 10010 | H0003he S enlB R e, (e, BT Bk TRE Bl Bhesfo Bt 2
ant i bact efdcRlma3@enindSusdh 86 tResk3clh@et adhtalR0ZBhiftaOABMBEROGH Pela¢i@masde
13-l actamincludes Amoxicillin, Anpicillin (Pivanpicillin, Hetacillin
Bacanpi ci Muiaits, NBRiR#sIng P jong orTa satabi BRmbenpt Pelagtampsasnis @aisbnieibel oi
(Carindacid.lin). . Ticarcil]ing T Ll aden. il Lir [ 1

(et ooy et ThEL Tl S AREL I Ona bR Mot B s
(G, donelseiAl tarbapBaamnadeh agaihandyl pladbmobdhaln andPrpdssaiidendaenad/ |@esni € 110 n,
Azidocillin, Penapecillin, Phenoxynethylpenicillin (V), Propicillin,

Benzat hi neSRHARBNRETHNdpREsinst mapk of phiehérst & prachlingsedy dderefgrp, there is a

(D cl oxacildd @y ink IH%dE%—?a%HrMsQ)nhi%Qi I'lin, Meticillin, Nafcillin,

Far openem Bi apenem ripenem Ertapenem | m penem Meropenem Pani penem
Tonopenem Razupenem Cefazolin, Cefacetrile, Cefadroxil, Cefalexin,

Cef al ogl yci n, Cefal oni um ridi ne, i fapirin, Cefatri zine,
Cef azedone, Cefazaflur, Cef L’E&lﬁéﬁ%ﬁgﬁhﬁkﬁw@ ezol e, Cefaclor,

Cef amandol e, CRigBBNOX, THeeH B RN inflienGf RNAB B antERl-RIViAMeet®TaRE Poichtiators

Cef buperazone, Cefuroxi nme, Cefuzonam Cefoxitin, Cefotetan, Cefnetazol e,
Lor acar befheragéf i xbome embodinedismanclaodd t earapaands. Cempapboes, Cefrdararicate,
Cefdinir, Cefditoren, Cefetanet. f penoxi nme,. fodi zi Cef operazone,

Cot ot axi neomeay it Dis R BlsPRRbon et eol Bhtisi e 20 Mgt cERRERS
Cef t i but egyclic®bldnddt £ estéeddrivaewdsne, Fl onoxef, Lat anoxef, Cef epine,

Cef ozopran, Cefpirome, Cefquinonme, Ceftobiprole, Ceftaroline, CXA-101

RW- 54428, M Bﬁ),OBhG, Somep FEnbop g 7icludsy Nepap@ndoehaving (he TR nefire,
Cefovecin(n§6&§§onan1 Ti genonam Carunonam RW-442831, RWI-333441, or
RM@-33344£. 012/ 021455PCT/ US2011/ 046957 [ 0021] I n sone enbodi nents, the
13-l actam i ncl udes Ceftazidime, Bi apenem Doripenem Ertapenem | m penem

Meropenem or Pani penem [0022]In some enbodiments, the 13-lactamis

sel ected from Aztreonam Ti genon&m._ BAL30Q72, SYN 2416, or Carunpnam
[ 0023] I n sone enbodi nents, the 13?T3Tr§ﬁr \ genonam the conposition is
Xils -

suitable for oral adm nistration, 12,R8&nd R12 is selected froma
group consisting of Ci_9alkyl, -(ChH2)0-3-KRl1, [-C(R13)20C(0)C i_9al kyl,
-C(R13) 20C(0) R11, - C(R13)20C(0) _9§%§¥ n 3) 20C(0) OR11. [0024]In
sone enbodi nents, the infection at is m prevented conprises a
bacteria that includes Pseudonbnas aerugin sa,7PseudonDnas fl uorescens,
Pseudononas aci dovorans, Pseudonpnas al cal i gerfés, Pseudonpnas puti da,

St enot r ophononas mal t ophi I'i a, Burkhol deri g cepacia, Aerononas hydrophili a,
Escherichia coli, Ctrobacter freundii, Salnonella typhinmurium Sal nonella
t yphi, Sal nonebt appamateyically Satpoblelshlatherdofrwhdreins, Shi gel | a dysenteri ae,

Shigella flexneri, ghl elh sonne',lEnterg£ cter c o%ﬁae,. terobactg; aero
genes, Klebsiella pre ni de 2R @Fﬂ&r_fyﬁﬁgﬁ,a &t EF%Q? _ré@§8%ﬂ ,
Franci sel | a tukaysansdsSoy M 82Retd &iBiueaRistlectEl %%P%e@réﬂbbéﬂsﬁsﬁngwtﬁ,us

vul gari s, Providencia algallﬂ90|ens, §r9V|denC|a rettgeri, Providencia

stuartii, Aci nBt6NaEFer-RoaRnrCi=0)NR Ret anhdt(EeD)OR! cwhareini sgidsalkylene or

Aci net obact er emal vticus, Yersinia enterocolitica, . Yersinia pesti
Yorsinia psouddranartu BT o Sl hu B afrdio b R EsnBha WOy BRRblys
Bordetel | a par mfitmm&eroﬁ@r,@?ﬁ@ﬂldlg DbQNGRE PO Ry, boaiipkily Ubstituted

i nfl uenzae, Haenophil us parainfluenzae, Haenophilus haenol yti cus,
Haenophi | us pabheB@e¥dyyti cus, Haenophilus ducreyi, Pasteurella nultocida,
Past eurel | a haenol ytica, Branhanella catarrhalis, Helicobacter pylori, Canp
yl obacter fetus, Canp yl obacter jejuni, Canp ylobacter coli, Borrelia
burgdorferi, Vibrio cholerae, Vibrio parahaenolyticus, Legionella
pneunophi | a, Listeria nonocyto genes, Neisseria gonorrhoeae, Neisseria
meningitidis, Kin gella, Mraxella, Gargdnerella vaginalis, Bacteroides
fragilis, Bacteroides distasonis, Bacteroides 3452A honol ogy group,
Bact er oi des vul gatus, Bacteroi des oval us, Bacteroi des thetaiotaom cron,
Bacteroi des uniform s, Bacteroides eggerthii, Bacteroides splanchnicus,

~ o N - I T N T



[0034] I n one enbodi ment of the conpound of fornula I1: R is selected
froma group consisting of -G 9al kyl, -C2 9al kenyl, -C2- 9al kynyl, -NRORL,
-G _9al kywBom/021432 9al keny1R11, -C2 9al kyny1R11, - CH( OPfTUS2@al0ke93R9,
-CH(O—I)CZ 9al keny1R9, - CH(OH) C2_9al kyny1R9, -C(=0) R9,

S Sl S B D g

i _4al kyl N(R9) ), NRIERY) € SHRHRE IR ™ 1k ﬁéméd}lﬁ@c@él 1-
- N( R9) S02RW, Cga:ﬂQy solgNRgFélq sgug)%tl DiCL e uns!?%?gg:lt YR ryl Y
substituted or Runs uﬁ‘sH(QHDCedalhﬂRe,r oar HIOH¥ s tkenylRed e@H(mIsM&zs;talkb’quBa

b |yl ti.tut R6 i
cel oot ad 1rom AHRITEHITYRN hrOHY . Sl QRIS SRR ykenyg’, O 1S
_9?:|1 kygg: kyl- 802 ggi(kpzlailkynylﬁ?ﬁ%gwgmb&c d@%jgﬁdgﬁ?}mcogi N@(%@Qm9 and
alternativel y RSB Raﬁe take]H(RL ogetER wi t h t%Ra)QSf@)Q(ON%?)Bh t hey

are attached t ed or

substituted or qﬁ{?z(gé :ﬁ%%ﬁ{er ocycwwgég@%ﬁ?ﬁkﬁw(ﬁﬂ% %iehtly B

sel ected from N(g?)@(tg\mt?m% sti0tgNRI)NRR RRORI=C(RIR R ~I(RHSOaky|-COR2R9,
- C2_9al keny1CO2R9, F@_giﬁﬁlcozm or inde endently R6 and an R7 or

i ndependent | y §ﬁRﬁ$OaHB %n’ t AWt tutesh & nEpsubititped e Ylar YREEIW ch
they are att acnﬁﬁbgtﬁu{eﬁr}fa@oﬁﬂ %ﬁl&sw}t&f’opﬁns*w&ﬂ@é& 'cE%B@%lﬁaﬁﬁP@%hbﬁ'tedOf
substituted or unsubstituted héterocyclyl; each I's 1'ndependent

sel ected from argtsuhqntute«hhetstqcygybf H, -NROR1, 0R9 and -C 19 aI kyI CO2R9,

-C2_9al kenylCO2R9, amd - ny1CO2R9, or. in R7.a an R8
are taken %/oget her %I t'h % ﬁc'ere fﬁ?ﬁ%x %O%Y%ﬁlsflﬂ%fnge éf%%%lhgé@*ﬂ]é “fybrw

substituted or ﬂl&%ﬁb%ﬁfﬁo@&&ﬂ @y Argue! ybzﬁ‘{ k&R I Ut ady R UNcabbyelyid t ut ed
het erocycl yl ; R@z @(:a(pl S | ndependentl ected fro roup consi sti ng of

H -G _9al kyI Ky | C~1@kﬁéﬁﬂeﬁny’rcwéikinﬁcélzli{énl%@malkyﬁilﬂQzR%h@ldl 2.9
almen yrix 11, _%:ZbﬁQa ky€§1 § J fut ed or unsubstituted aryl,
substituted or Gh3ubstituted E%lt é?%’aﬁy substituted or unsubstituted

- (CH2) 0_3car bocycl yl, and)subRtslahuta@deﬁreualsabﬁigeﬁqai edthh@t ekasy e which
each Rl is |ndependently selected froma group consisting of H -Cl

9al kyl, -OR9, -CH(=NH), subst feytae astachads imdeim gt ww;qd o5 ypsHhstitsfesd or
unsubstltut ed heteroaryl, sub J{rb&élj}c@)ﬁ:cFElfb‘éﬂﬁl't'egisér\}@'s’ﬁb%ﬁuﬁ@cfllPe‘i’é:rX&Lchl’ and

substituted or unsubstltuted
2012/ 021455PCT/ US2011/ 046957 R® and X csbsel momedh fY omeatajeoupgetharsivath ng of
H, -CO2H and carboxylic acid |sosteres. [0035 ]I n sone .enbodi nent s of

conpounds of fornulas Il, Ha, TFVEHRS afpms tq omp@asqhsHiudesher snpiiitnt s of
conpounds of formulas |1, cz%oéchBd of‘sdb%tlﬁl%‘édoordn@%aldeﬁhé@ gp%ﬁj' nment s
of conpounds of fornulas I1, b, nis 2. [0 Sone e ments of

t he conmpounds of formnul a(lh/h oR° mblaau@vhehehfsc;ﬂbm@vshldn gochewhed sy rgfgown i n
formula Mc and [11d: or a pharmaceut.ic \éqﬂﬁéac table salt thereof.
[ 0039] Sone enbodi nents of t he*QBhHGTGY b e'ie &ha or Mo have the

3, 7-trans- st er eochepichtRYis $hRpenden§ Qs8R MR AGup chﬁsast ot RAIRB HT

MelI'1f or a pharmaceutically acceptabl e salt {hereof. 0] Sone

enbodi nent s of salkd. cdfmpelkae. ofCfehkynylas —NRaR LVbORor -Wealhﬂﬁf@zRﬁe -G,

3, 8-ci s-stereoc 9 f | a,lvd .
5012) 03145 0Per TEIN 0B soer A Gyl By and LbadnBr-cah gy Oéé%de‘“’B\FA%ﬁPﬂy's al t
thereof . [0041] Somre enbodi menkS aafl dnhe’ ﬁl@rtaﬂéiﬂd)%eﬁhfsr fa0thniik a%orhy/ee whidn, or

| Vc have the 3, 8-trans-stereochem strééshown in formula IVg, I'Vh, and IVi:
RORARZR4  'vi or a phar maceutleyalF yathehashionfpa gapybstifigdest unsubstituted

carbocyclyl or substituted or unsubstituted heterocyclyl,
(i1) R’ and an R® are taken together with the atoms to which
they are attached to form a substituted or unsubstituted

carbocyclyl or substituted or unsubstituted heterocyclyl,



[0042] I n sone enbodi nents of the conpounds of fornmulas Il, Ha, Ma, My, M,
IvVa, Vb, IVc, Ivd, IVe, IVf, IVg, IVh, and Vi, each R2, R3, R4, and RS
are hydr oyor1§@o#3] I n sone enbodi nents of the conmpound®CofUst@nowdosas |1,
Ha, Ma, My, M, IVa, IVb, IVc, IVvd, IVe, IV, IVg, |Vh, and Vi, at |east
one R2 is substltut ed or .u subst + ut d ar 0044]Jn sao s of
the conpounds of for mul af! F IH';i g%alop\/én Y e & (‘9 Vgerl IV,
Vg, 1Vh, and IVi, at |east onﬁer%mhg SOHIS kb tfyﬁm @Jbsaﬁﬁém; 'uhbﬁtﬁgtu@édyl

[ 0045] I n sone errbodl ments of the conpounds of formulas Il, Ha, Mo,
|Va, |1Vb, IVc, 1vd, IVe, |Vf,calggyclwior Slahﬁtjtultéd qr vasubisétustl hotrreocmlyhnd R4 are

takentogether vviththe tom; tC m}“ofg al 1%ttarchedtoforma
substituted or unsubstit Y%d E{RvN Hg 8 EdSdi'fient s of the
conpounds of fornulas I, Ha, M, M.,y Ma 3J4\éaomlam1ede\&3wd>m hiVenylénd ,

Vg, IVvh, and IVi, the bond represented by a dashed and solid line is a
singl e bond. In other enbodi mBRk®, the bond represented by a dashed and
solid line is a doubl e bond. [0047 odi nents of the conpounds of
formulas |, Il, Ha, Ma, 111b, M, H/rk@l?ﬁr‘%seﬁ Ve, 1vd, Ve, IVf, Vg, IVh,
and 1Vi, R6 and each R7 and R8 is hydt'ogeha c[aﬂim&]tbm mOWeare Thiadl togethsr of

t he corrpounds of formulas I, |1, Ha, Ma, My, M, IVa, IVb, IVc, IVd, I|Ve,
IVE, 1Vg, IVh, and IVi, R is - NHC(=0)é injgvggingptoms’ to foraqpanbstiged or
enbodi nents, R' is substituted or unsiiRstkitited a@§1yl opr asut%%étft,%gd of
unsubstituted het eroaryl. In some such enbodi nments, hi en- 2-yl

[ 0049] I n sone enbodi nents of the corrpmlsuhmtmédlfl@emmdyhgnd, II, Ha, |va, [11Db,
Mc, IVa, IVb, IVc, Ivd, Ve, IVf, INVg, IVR, and IVi, R is .

*NHC( 0 o NcRo) Ro" . wher ei n Ro' i idar & auiilieg it aiintralionaing e oy of
C _9al kyl, substituted or unsubstitutigd @&mélimutsUlst ivhsiRdaesd Lﬁ}?pb&t i uted
heteroaryl, substituted or unsubstituted carbocyclyl and substituted or
unsubstituted heterocyclyl. [0050] I n Sgbﬁﬁufémdilwhﬁtﬁu‘@ﬂ haterogyhoumadls of
formulas I, 11, Ha, Ma, IIllb, M, %I% r% ’b | Ve, 1Vf, 1Vg, |Vh,
and Vi, R is -NHC(=0)Cl 9al ky1Rl 1.9%% L8 e oo ments, R is
substituted or unsubghiRub efticpentlentl§ wklsdted ﬂrbﬁﬂa %ur up @snﬂaﬁimgtdﬂtfpdlahﬁtﬂl oaryl,
substituted or unsubstituted carbocyclyl or, gubstituted or unsupstituted

het erocycl yl . jadad1] (- 9§]<1$ﬁﬁ‘/ errtﬁzehaﬂﬁé’ﬁi’s oNR Re - cdtBour@s -8k SRR a8, 11,
Ha, Ma, M, V ) 1S
- NHC(=0) R9" , maél%eé?f%]c Elk Yéo arﬂo\é&dg g%tzﬁt Lé,? é (16}{{1%ubst ituted
or unsubstit uted heteroatlyl snuRé'rancﬂ uﬁ@d aﬁ&’taklé‘rstdgsﬂllet wﬁthdhe:abbﬁcwwhydh or

substituted or unsubstitut ed het erocy [ 0052] I n _sqone enbodi rrents of t he
conpounds of formulas I, II, M8y ¥8, a%ﬁ/edlvﬁo forgn a puastitufagc or upspbstitpged | v

Vg, IVh, and IVi, R is - NRgggrboc[ﬁR@%} Lﬁbsﬁ&'f@%i &rﬂﬂ%sﬁﬁﬂ&fhé?éro&ﬂﬁ/lconpounds

of forrrulasl 1, Ha, Ma, My, M, . 1'Vh
and Vi, R is -CI 9al ky(].lRl la gemmalR[@ﬁ&R] Itogeghnnéomnﬁtﬁldlalﬂmmbfktn@]@@zlﬁ@
corrpounds of formulas I, 11, Ha, Ma, Mo, M, IVa, IVb, IVc, IVd, |Ve, |Vf,
Vg, IVh, and IVi, R is -CH(@—DO 9al ky1R9. [0055]In sone

enbodi ment s of the COWOHH?/ efchf Q{Smﬂt%ed tol la, ri r'ﬁ%, afdeh fM%mn akk Vés ol VDb,
Ve, Ivd, Ve, IVf, IVg, h, and IVi, is - G _9al kyl RB

[0056] I n some embodi nents of ﬁ#’fétlt}@mmd@wfutﬂb%r isgBsemt; 11, Ha, Ma, IIIb,
Mc, IVa, IVb, |Vc d.Ve, | Vf V I and | Vi

[0057] In sone enbodF%?gln N ”%deP%“d"’“é 9"’38%% fro%“*’f%”ﬁ%ﬁ"““ﬁ““g|°if%r§ ’IIIb
M, 1Va, IVb, CVealkdnvd, Cy@alky%al,, davlgbeytivh, -@ndalkR', R-Ci. §a1kdﬂ§/1¥8) C(0) N
ROR1. [0058] I n some enbo nts of the conpounds of forrmulas I, 11,
Ha, Ma, M, McoallxpyIR | \prarbogyclyl- B«d subygtitutedsfor pRgygbstityged gy qubptituid pig

- N( R9) C(=0) 0

£ N(RO) €=0) 0 Rinyypsigyea tEATSRY. oAU SPRASLIRLY ko compoytnggl
IVi, R is -N BOMS(bQ)t@tdablesdcNIRY) C(=0) R9. WO

2012/ 021455PCT/ US2011/ 046957. [.0060] | di nents of ds of

(ormise |11 b em R Rointggendrly. S et ol G co@sisngr of FigCr Vi

and | Vi Rl is -@ﬁng 9 i n e
corrpounds of foa;1 rru1 as | }ﬁ C?\/E?)OR ?Q@Q%{&Iﬁgﬁﬁi@bmﬁvdgﬁ %@oslgtulté\/d;,

| Vi, Vg, | Vh, oanehsbbftitutRd h@tepoa}i,Nl%ll))Mtﬁi@Rl or unsubstftg@ea 2 chbosyhy, and
embodi ments of t oun ormul as .|, Ha, Ma, Illb, M, IVa, |Vb,
Ve, 1vd, IVe, Slﬁ\%&“&if% ““F%ﬁ“?“é?f{]hﬁt‘???cy%ﬂ |s -N=C( R9) N RORL. [0063] I n

sone enbodi nents of the conpounds of formulas I, I, Ha, Ma, IIlb, M, 1Va,
Vb, Ive, Ivd, IVe, IVf, Ivg, IVh, and {Vi, Rl is -C(:O)C(:NRl) R9.
[ 0064] I n sone enbodi nents of the conpounds of formulas I, |11, Ha, Ma, M,

Mc, IVa, IVb, IVc, Ivd, Ve, IVf, IVg, IVh, and IVi, RL is -N(R9)S02 Ro.
[0065] I n sone enbodi nents of the conpounds of formulas I, II Ha, Ma, M,

17 N\ 7/ NSRK 1 [r—



Mo, Mc, IVa, IVb, IVc, IVd, Ve, IVf, IVg, IVh, and IVi, X is -CQ2H.
[0067] I n sonme enbodi nents of the conmpounds of forrmulas I, |11, Ha, Ma, IIIlDb,
Mc, |Va, Wokp1ode45s1vd, Ve, IVf, 1Vg, 1Vh, and |IVi, X iPSTAISC@ENIO8005T i c aci d
i sostere. In some such enbodi nents, the carboxylic acid isostere is

selected fromthe gro Gans of - P R9)2,-P RO, ---N
_CON(R9) OH, - SO3H, ° @%E‘N ‘tﬂS@rP ‘Eﬁaﬂﬁﬁﬁ‘%ﬁ%w "\Rﬁ“é? éf‘?(PP)Fé(f? 1)S$(“§g g %@éfl@aedf rom

the group conspstjnRghs@ tuté'('l a%hlysubgtﬂéé)&o%@t@lm% Iﬁ}éderoa'rﬁ( RLB#AEH 0§,R11,
C(R13) 20C(0) 0C1_9al kyl and -C(R13) 20C(0) OR11. [0068]1n sone enbodi ments of

t he conpounds omsubwtmﬂazgrbbcyqul artdasubwutemmr uhgubstituted hevdsocyield;, |1 vd, | Ve,

| Vi, Vg, |Vh, and Vi 0069 odisment s of 1 he conp unds
of formulas I, #S,assrggcte BT C0“1S e p@fp % 1%&? XYhf’\?édOWh

and Vi, R6, R&oaaQsRB are H. [ 0070] In sone enbodi nents of the
conpounds of fornula§ , I, Ha, Ma, My, M, IVa, IVb, IVc, IVd, |Ve, |Vf,
IVg, IVh, and IVi, R7 Issselgctedgirpm a groupasqnistingrE:H. dncpafoyli éCHz>o{31?07,1] Sone

enbodi nents i ngl g gfki Ei@i m1th (g [
oSG TEDL LUEURIRGR GG SEUECIBRAIET {IECalR 6500 S0l
pharnaceutlcaI[YRﬁQ@EpO&DRE salt thereof. MD 2012/021455PCT/U82011/046957
[0072] Some enbodi ments include coppounds sel ected fromthe group consisting
of : each R is independently selected from a group consisting of H and C;.
salkyl; and
m is independently zero or an integer from 1 to 2,
wherein each Cjoalkyl, C,oalkenyl, and C,oalkynyl is independently
optionally substituted.
[0010] In some embodiments, the compound of formula I has the structure of

formula II:

11
or a pharmaceutically acceptable salt thereof, wherein:

the bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond with the proviso that
the dashed and solid line can only be a double bond when n is 1;

R? and R* are independently selected from a group consisting of Cl, F, CN,
CFs, -R’, -OR’, -C(=0)NR’R"’, and -C(=0)OR’; or alternatively, R* and R* are
taken together with the atoms to which they are attached to form a substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted carbocyclyl or substituted or unsubstituted heterocyclyl;

R* and R’ are independently selected from a group consisting of Cl, F, CN,
CFs, -R’, -OR’, -C(=0)NR’R"’, and -C(=0)OR’, with the proviso that if the bond



or a pharmaceutically acceptable salt thereof. Definitions [0073] Terns and
substituents are given their ordinary neaning unless defined ot herw se, and
may be deworeer2/o2is8 i nt roduced and retain their definitiPORAIS2MMOUGRDUL

unl ess otherw se specified, and retain their definitions whet her al one or

"3kl neans. EPEFAREREN 2 B0t Tang HOS AR RO MR g

cont ai ni ng onl yp,garbon and hydrogen, such as nethyl i sopropyl, |sobutyl,
sec-butyl and pentyl. In various enbodi nents, alkyl groups can either be
unsubstituted or substindepeadeniy eroncaminteger gomulet. t uents, e.g., hal ogen

R S G N I e

sul f onyl ogymutamRYiL: benzyl oxy, aryl, heteroaryl, carbocyclyl,

het erocyclyl, or other functionality that may be suitably blocked with a
protecting group. TypgkeaRly, alkyl groups wll geo ise 1 to 20 carbon
atons, 1 to 9 car preferably 1 tee6, |and re preferably 1 to 5
carbon at ons. [ 00 her &n, "al kenyl a st)RAi ght or branched
chain chem cal group oqu carbon a i

| east one carb dnd, su$$ as
2- but enyl', I n vari ous

2- et hyl - 1- propenyl,

enbodi nents, al kenyl xunsubstitited or bst{twed with one
or nore substituents B n, hydroxyl subé ydr oxyl ,

acyl oxy, am no, HB titutedRant am do, % nit ko, i di no, am di no,
mercapt o, substitlt’ed nercapt g7 caroxy, st fonyloxy, ¢arbod?1 benzyl oxy,
aryl, heteroaryl, carbocyghyl., heterocyclyl, or ojfgr functionality t hat
may be suitably bl ocked mith a protecting group. Typically, alkenyl groups
w | | conpris y a’mﬁ a@ Irbo Sgste“x& 9 carbon atons, preferably 2 to 6,
and nore preP rmbf (§ %a oh a ‘“Fﬁd 6]As used herein "al kynyl "
means a straight or tiiertamaiie;de@naadrbycmztthecahncgmmneqep@smmbant yel&stgdoon
and hydrogen and containing at |east one carbon-carbon triple bond, such as
1- propynyl, 1- Bamythg group cunsisting of agigle hend ander dquilebondous enbodi ment s,

al kynyl s can either SHPst te

substituents, e.qg. %alogen &%qE&gFﬁﬁe 2%%?%#edgﬂg%%8§9pﬁw%ﬁn

am no, substitft €N AHneR’, a@Rao C(ePANR,; Rlﬁi i C(gﬂ);@iRd;i moalteamtdiet}o an R

nmer capt o, substi ted capto, carboxy, sulfonyloxy, carbony benzyl oxy,
aryl, heteroar 9111 m%&ﬁ%ﬂh%e\w&i eytpys to grhigh disy %raﬁttﬁaeﬂatn tpymian at
may be suitabl YutRliRgdee dori dnlut iRl eﬁfyl nguISHﬁQHJEH oy pﬂuﬁ%étﬁ(me@' l”)é’t@%‘ar;@r oups
will conprise 2 to 20 carbon atons, carbon atons, preferably 2 to 6,
and nore prefemdbhyu@it@fSmBabhmmeat0m®mcymﬂ7KﬁA$uhSEdwdeKE|mnammnuwd
"carbocycl y1" Heans & non-aromatic cyclic ring system containing only
carbon atoms i ACEWEYTYhg system backbone, such as cycl opropyl, cyclobutyl,

cycl opentyl, cycl ohgxylr? méxellﬁwﬁaeﬂu s@eetaaqy&hiélgsowyoﬂsnﬁhgdec1
mul tiple fused ri ngs. CarbOC%> %ﬁ;Oﬂﬁ% have any degree of saturation

provi ded that &t CNefot; dhe-Q RS naglds +QIR's witht therpoprise dhat jify
vari ous embodi ond rgar%sbe%@écbsyy shte'c'f RRd so d ﬁflft: ?sez?] ?Iﬁ)lg Bgll‘ij elntlyt ‘3 .l
substituted w one nor e % uen : al ogen, OXY, acyloxy,
am no, am do, eapabBesntnitro, hydroxyl, nercapto carboxy carbonyl

benzyl oxy, aryl heteroaryl or ot her functionality that nay be suitably

bl ocked with all¥af ectlnrgmgrathediness. dha f«g}np%aflmféyrémwlé% $tigpure of
conpri se rhﬁkﬁﬁf av@qﬂlatons preferably 3 to 6. [0078] As used herein,
"cycl oal ky feans a a’fully saturated carbocyclyl ring system Exanples

i ncl ude cycl opropyl, cyclobutyl, cyclopentyl, and cycl ohexyl.

[ 0079] As used herein, "cycloalkenyl" means a carbocyclyl ring system having
at | east one double bond. An exanple is cycl ohexenyl. [0080] As used herein,
"l oner al kyl" neans a subset of alkyl, and thus is a hydrocarbon
substituent, which is linear, or branched. Preferred | ower alkyls are of 1
to about 4 carbons, and may be branched or |inear. Exanples of |ower alkyl

-
-

-
-

i ncl ude butyl, propyl, isopropyl, ethyl, and nethyl Likew se, radicals
using the termnology "lower" refer to radicals preferably with 1 to about
4 carbons in the alkyl portion of the radical. [ 0081] As used

herein, "aryl"™ means an aromatic radical having a single-ring (e.g.,
phenyl) or multiple condensed rings (e. g , haphthyl or anthryl) with only

carbon atons present in the ring backb . I'n various enbodi nents, aryl
groups can either be unsubstituted or substituted with one or nore
substituents, e.g., am no, cyano, hydroxyl, |ower alkyl, haloal kyl, al koxy,

nitro han nercapto carboxy,_carbonyl benzyloxyz aryl, het eroaryl, and

. " . e M



[ 0095] As used herein, "ureido" nmeans an al kyl - NCON-, aryl - NCON-,

het eroaryl - NCON- , carbocycl yl - NCON-, heterocyclyl-NCON group or

het er ocycWol2€QM21450up wherei n the heterocyclyl group i #Catusachddedsy a ri ng
nitrogen, and wherein the al kyl, carbocyclyl, aryl, heteroaryl or

het er ocycl yl group is as_?ergjn descri bed. 009@] As used herein
"guani di no" neans an al ky C(=NR )N-, aryl -NC(=N )NB

het er oar yl - NO( =NR ) NRA_cfr bo¢yclRl - NO( =NR ) N- et erlocyB7 yl NC(=NR ) N-
group wherein R is an B—stRkStituR®dd or unsubsti ydr &Ryl , CN, al kyl,
aryl, heteroaryl Pora peterocysl yf group, ej \ car bocycl yl,
aryl, heteroaryl or hg gup is as hdrein desct ¢hs [ 0097] As
used herein, a substifuted group is derived frgmthe unsybstituted parent
group in which there B R—exBhange of or nore gen atons for
anot her at om or 50666.\V%en subst\t ut ed, ﬂﬁﬁ/gub titue grnoup(s) is (are)
substituted with one or ubst?%uent(s) i ndi v y an® i ndependent |y
sel ected from Cl-C6 al kyl _g¢ ( xenyl, Cl1-C6 al yl - (7 carbocycl e
(optionally substituted mﬁth b\ O, al kyl, al koxy, rb m nal oal kyl, CN,
- S02- al kyl, -CF3, and - OCF3y/ - C6 heteroal kyl, 5-7RAe red heterocyclyl
(e.g., tetrahydrofuryl) (optionaRfy substituted with hal oR%al kyl, al koxy,
carboxyl, CN, -S02-al kyl IVaCF3, and -0CF3), aryl (dNbionally substituted
with halo, alkyl, aryl optionally sub®titeted with C1-C6 al kyl, aryl al kyl,
al koxy, carboxyl, CN, -S02-alkyl,gz=CFB, ahd HCF3), arylalkyl (optionally
substituted with hal o, alkyl, . xyl, CN, -S02-alkyl, -CF3,
and -0CF3), heteroaryl (optio wi th hal o, al kyl, al koxy,
aryl, aral kyl, carboxyl, CN, - | kyl, -CR and -0CF3), heteroarylal kyl
(optionally substituted with halo,|alkyl, al oxy} aryl, carboxyl, CN, -SC2-
al kyl, -CF3, and -0CF3), halo (e.gs, chloro,ilbrogp, iodo and fl uoro),
cyano, hydroxy, Cl- C6 al koxyy,ner- al kox | (i.e., ether), aryloxy,
sul f hydryl (nmercapto), han(Cj%B)alkyb EF3), G -C6 al kylthio,
arylthio, amno (-NH2), nono- and di-(C | kyl am no, quaternary
anmoni um salts, ami no(Ci-C6)al koxy (e.B% -0Q NH2) ,

am no( G C6) al koxyal kyl (e.g ., -CH20(CHZ; Y hydroxy(C - C6)al kyl ami no,
am no(G C6)al kylthio (e.g, -S(CH2)2NH2), cyangam no, nitro, carbanyl, oxo
(=0), carboxy, glycolyl, glycyl, hydragypo, guanidinyl, sulfanyl, sulfonyl,
sul finyl, I I ; I r ' . N-am de, N-carbanmate,
0-carbana?%?bgﬁgmgggﬁgﬂwégkééﬁfQ§¥gFg%%g?%g§gscribed as "optionally
substituted" that gthrelpndaeprbensdistd dashedland tdiidilne rapeventsaubosd teldoteint s .
[0098] I n sone enbodi nents, substitute roup(s),is,(,are) substituted with
one or nore subSth Eéﬁ%ﬁn?lﬁH}&ﬁfﬁé‘Fgﬁiﬁ/gﬂMd@b‘gWI y selected from
Cl-C6 al kyl, C3- C7.LRrH0aYCagn Rag}eﬁﬁdépe%@tby RIERA ok Q%}@pK%yisti@a@oxyl ,
oxo (=0), Ci1-C6 al kylthio, am no(G -C6)aIKyIth|o, guani di'nyl’, aryl,” 5-7
nenber ed het er 66y IGN, CHhetRer €2R Y FG(=3GQ)NRRYdrokyC(=Ra0B, ; anitama (el ganak koxy,
and am no( Cl- C6) al kaxyal kyl . [ 0099] | one enbodi. ts, substituted
oroup(s) 1. ¢ ardd o B S EXerbireainen MR aRO oS I8 St iy dentitehed ReRbndual 1 y
and i ndependentinétifi@ddecdredinkhiifedd CayRl kibstinasd Ner (ud¥iBstituted heteroaryl,

am no( Cl1- C6) al koxy, carboxyl, oxo (=0), C1-C6 al kylthio, '

am no( C1C6) al kiubshiuged geranimsubstitutety gadrgyclfial @, sahitioied] 006 uaswsiiptedand
anino(ClCB)alkﬁéé%kk H? [0100] I n sone enbodi nents, substituted group(s) is
(are) substitute W thone or nore substituent(s) individually and

i ndependent |y sel ect®tl H o cadh RO arl ikidpenadtitiaelectitiZ)om 6 @Fd@Xathsisdaof =0) ,

guani di nyl, hydroxy, and haj o, LOlOlélt $S,t0 be understood that certain
&l a

radi cal nam ng%cfn@‘rt@%?msReaQ& NRBIR hemdg Gk adiithahe grovaso that

di - radi cal de&?&ﬂé‘b&ﬂifr%greké}ﬁ af@ﬂ& 8%hed Eﬁ’& sHXAMR i€ n JOBAE Bofld Fﬂéﬁ%ﬁé Rugt
requires two points o ttachment to the rest of fhe molecu e, It is

under st ood t haR’ tttehsd bsthe tabnh aisnsebotided deli bald. arEabsseexanpl e, a substituent

identified as that requires two points of attachnent  includes.

di -radical s su@hﬁéL - @@1@, e 2-19619%@&@4@1@%1- COmPRYIHCIRIREBINEY her
radi cal ”Q%Qﬁp&ﬁﬁ‘éﬁwéffé@ﬁv@a%uhv df ”Qiyc%é dehale Fd?@g&ﬁgj'c%ﬁlpohﬁsaand a

di -radical. For exanple, as used herein, "alkylene" means a branched, or
strai ght phaimacadicalhni@dptdblercadpral. cheni cal group contai ning only carbon
and hydrogen, such as nethyl ene, isopropyl ene, isobutylene, sec-butylene,
and pentylene, that is attached to the rest of the nolecule via two points
of attachnent. As used herein, "alkeny[§ne" nmeans a straight or branched
chain di-radical chem cal group containing only carbon and hydrogen and
containing at | east one carbon-carbon doubl e bond, such as 1-propenyl ene,
2- propenyl ene, 2-nethyl -1-propenyl ene, 1-butenyl ene, and 2-butenyl ene, that

T b oy - n . .




screening of analogs, to identify variants of known conpounds having

i nproved characteristics (such as higher binding affinity for a target

nol ecul e)WOszowﬂza{sproach that is well known in phar macemrCiraskoigioasysst ry.
[0110] The term "mammal " is used in its usual biological sense. Thus, it
specifically ipgl umans attIe rses, dogs ats,. rats and, m ce but
250 1 not udes RHIT o s fabeEBiehsgingii G toaf -t drsEyiaF SPRPBLEF o
refers t océrhﬁoatrara%ptrteqﬁ tHeRoaliRSH oP{aﬂ:%ﬁtﬁﬂil ofWHREREA] hiteiek.0ani smis a
vertebrate, 1 nvertebrate, fish, plan bird, or mammal, by pathogenic

m crobes. Thi s[0é] ude%)mmeﬁmdemtwen@mwwtmds nfoer obrsisgt papraveatinoamal | y
present or .ot her o ani s Vor.e gener al

R or obi al i SnfsafenaRetin TPTREREh 1 b h A Re S D el Biic a SHeER Y

m crobi al apepuloRahPBASH the f6lagmgs Benpeunds BOSSmpRMERs. Thus, a mammal is
"suffering" froma mcrobial 1nfection when excessive numbers of a

nm crobi al popul®pbn aSqewpree@eﬁtmanﬁ diclgle ﬁlerrarﬁmrf anypheesy of othe viiessgotige
effects o ese e cells
or ot hor _FRafRE B X ahelios T OB BRER Gt oRGhneh? AR DRI GEE,
bacteri al prenéﬁﬁtnmmbabketlelltlftetlolt he corrpounds of preferred enbodi rrents are
al so useful in treati 2% m cr Qbi aleﬂgsrovrth or contam natjion of cell cultures

or ot her medi al%%/] nariniatcanbodimets fugherosp@eriss HRUNINGHAR n YIRS houl d
imtthenRugheneduRaodiapaalscalodoA d iPakIRRL ahphigher or gani sms,
except when explicitly so specified in the clalns. [0112] The term
" phar maceut i ca[00}8hccdpt abine emboahare‘htsorthépraddlnamdutmada;iahycnacmelplﬂedal an
excipient” inclu any a1 sol vents,  di spersi ong&gdl a, coati n(?r
anti bact ePHH1°EH %ﬁ’?tl @Hﬁg’ﬁﬁa AFERT &0 LG AR A b LB PR YRS Ay R
agent s anghd-herbick@entThe use of such nedia and agents for pharmaceutically
active substances is well known in the art. Except insofar as any
conventional nHWIA] or Tageeme i embatiwansat ithy exdditionak heedieamone domgresas et , its
use in the ttbhetr 1alglleuthcS %BNP ﬁ t| ons is contenpl ated. Supplenentary active
i ngr edi ent' & EEN LR Aed r} 3/4fed into the conpositions. In addition,

various adj uvapio0%uchnasmar&nlssimedtb,ythe Peldcam fhbRdey Anivrycilia, Amhaﬂﬁld
These and ot her such conpounds are described in the |iterature

t he Mer ck (HirBRicillipr cfiet@ﬂ@@rrpgﬁ‘yamﬂ%tHWay Mfrtempleahe,r dEnzmpigHEN )t oEptCﬁt}n

I .
10 Sl NGBy RS ARLTES |HE . 1o
Phar macol D@IcﬂhtharBaS(Panm‘cﬂIlfhaﬁ}apEﬂlﬂlbfmscllli&t h Bedzylp&acianmoiGRr eSlomefdillid] The

term "pharnmaceutical |y acceptable salt’ refers Its hat retain the

bi ol ogi caPeR#fHEs | beratenicilin nprigpeding ebensylnepicil ﬁenpfg Hae B Pﬁ%arrtﬁ%ltler red
enmbodi mnpﬁetﬁﬂﬁm &@}%ﬁlcﬁflﬁ n ) bi Pﬂo?ﬁb'ﬂﬁﬂ' | YBéﬁ&atan'éer >J gfeﬂﬁ 16n, I N
many cases e c ounds of the preferred embodi ne

form ng abhehesindliorCloasellisatigloiciling Fhleloaﬁmﬂhle Orxecsﬁmc Me&fcﬂam Nefcdhd/ or

car boxyl Er oups orB%r ou s imlar t]%garp har maceyt i cal lﬁﬁ a ce1pt abI e acid
addi ti on SHEPPY TN HEHGY aﬂBﬁl‘Fﬁl i PG e BT a FraPgs

| nor gani cTagbfénchi, A Péeh, S@dthliBalebRe@RE, | v&EdLRE! C8RIexiPr RRASRLEn,
hydrochloric acid, hydrobrom c aci d, sulfuric acid, nitric acid, phosphoric

aci d, andCefaoniirke Cetlgading deetdbotify &iefaghiin hCefalrizines Arefbreders.i Gefazathel ude,
for exa”pbefracﬁ GeL 1% rR%hdhe pr(? 00LC AFhdor, IEERIGoRC! EarnRYEHY Ik Oaflccl:lg
oxalic aCI , nmal’el € acl d oni € "acr d, succi nic aci tl ?umarl c acl

tartaric aefddanidd,t Céfotiatl Qeffesir0Cebaszone] maabﬁmascltcbfumaﬁlelcﬁoﬁﬁhd
net hanesul fonic acid, et hanesul f oni c_aci d, E t ol uenesul fonic acid,
salicylic atﬂt%an,aﬁafntqt@iq, kleoram%ﬁfnééﬁémmea plfazadisep tGafiraxengs cCefgdienton

sal ts canchfyf o‘%’irﬂ?cbdé% g@f&ttgfe éet%%%e?r@a‘ﬁ{e oﬁﬁl%egefoh{}%gaéﬁffi é?éz%%% from
whi ch salt's can erived 1 nc or ‘exa Ium  pot assi

l'ithium @Geafobaxime Cef@irmlzum Cofpgrassde) rﬁefpordommez |Gmcsulmhmp(eeftermn@eﬂabﬁten,

al um num _anpd therfjéé parti cul arl preferr Cg are t anmoni ugt%fppot assi um

sodi um c&FtIolRACarfceiieiBs ditoaardts ae%%riﬂc fpimes (GARTAEh SEPIeMEan be
derived i @Efcfﬁﬂﬁymé C@ef%ﬁﬁ‘&l'eeCeﬁﬁﬂoﬁﬁé YeX3LeONd@w.52n8 Mol ahy, R 8E,
substituted am nes including naturally occurring substituted am nes, cyclic
am nes, b&ALS0DEH eXbhahle Cesiohs, Ceiphindmee,| Ckloyespedzfrearhi, yTlgamhnaB,

i sopropyl m ne yl et hyl am ne,

tripropyl gﬁt“ﬁ%d aﬁhh‘qﬁ ﬁ% ﬁtﬁﬂ %E @{(’Xﬂgéét‘{js are known in the art, as
described in WO 87/05297, Johnston et al., published Septenber 11, 1987

(i ncorporated by reference herein in |t§ entirety). [0114]"Sol vate" refers
to the compound forned by the interaction of a solvent and an EPlI, a

metabolite, or salt thereof. Suitable solvates are pharnaceuti cal I y
accept abI e sol vat es | ncI ud| ng hydr at es. [0115] "Subj ect” as used her ei n,

o - " o




typically with pH or tinme-dependent coatings, such that the subject
conpound is released in the gastrointestinal tract in the vicinity of the
desired twpi20el02845p! i cation, or at various tinmes to ext@qd/ushe10¢e5T ed
action. Such dosage forns typically include, but are not limted to, one or

nore of cell ul cetate phthal ate, | yvi nyl acet at e thal ate,
nyaroxypropy! RRBADT *dBispuRserghrir dhe sty neir Bt e Bigeren.
coatings, Dyﬁp&%n@rﬁta?a%nh,qgﬁp&l@ﬁ@fde@gm&ﬁ bi igpedlescr i bed herein nmay
optional Iy include other drug acfives. WD 2012/ 021455PCT/ US2011/ 046957

[ 0132] O her colf}¥22] t i dnssamefemiboflonends, t tie nP-hagtay sis eselastade fiope rAztisbnarhe
subj ect c ounds ne¢l I al ~_buccal and nasal dosage fornms. Such
con{)osi ti @%ﬂoyﬁ?lcgmkjmr”‘ﬂg%8f g'flmﬁbornémof soluble fill gr subst ances
such as sucrosp0023pr bithdonrnemb@dimch®] theafthcbin dRsSnsET) (RS ca®p6didon is

m crocrystalline cellul ose, carboxynethyl cellulose and hydroxypropyl
met hyl cebyitablssfer ol pérapisdratipppX iic AR~ e & eltselscted flost & 8T3IP cRRtiPEIE dant s

and flavorjng~a s di osgd aboygis 0 i nchuge 3] A liquid
conposi ti é{;l gcmﬁggﬁi’i s @% gfléd %rﬁ Ezopl(;ae;?l'goaﬁl’hal rbnﬁg %(s)ed(8 s formul at ed
such t hat (R “pac(Bsoadsnilnil sher@® HepCaIOR/'to the eye. The confort shoul d
be maxi m zed as ch as possibl e,  although sonetines fornul ation

consi der at i onslQ0e4l.  dpugpres Ehodinggntiraihenidediont 1k i dittadn h RIpYSIRY

confort. b&nﬁﬂ?&s GO5R tdrfAdha CRARTQES P%@P%m%ﬁaefmg%%a? q@eucfﬁfbn'a# %b%s&bﬁ“: d be

formul ated such that the Iiquidis tolerable to the patient for topica

opht hal m €saglemoradi tdacatoambtaps, arPseplirvalim calcljgeaes epPadldembnaui pusriaul d

ei ther be_packaged for single. use, o ntain a preservative to preyent

Cont am nad VB GUErl « PEIOPGLES. ROVEMPE ottal Macompps ol Bilia

sol uti ons pofhePRRC BB NS r8b & QT 11N, CRaNRMMP| NBhiduPIWST QYRSh&R] ST ne
solution as a major vehicle. Ophthal m c sol utions should preferably be

mai nt ai nedalatonelle pafovriib|Selmreliit dnieviidip pblopelicatipsdpidriogr Sqigstlenflexmpg,
formul ati gps al s ontai n convent.i onal har maceutj,cal |y acceptabl e

pr eser vat pUgele Syt e phie e ake Bt (PR R SO A TRAP my e
used in t Reerphdn BERUL, S@ a0 MassdstdnONErdicsell®SeidrHeise MbrididiMdfordanti, are
not limted to, benzal koni um chloride, PHVB, chlorobutanol, thinerosal,
pheny| mer e, mitadilan e raffs phésiismeliitiidecini aleelifaciens. uSepidenddr redgerant is,
for examplg, JHREN 8kl KM SEnLYALI OUS MR MEDIEI SRR AGMERd I D the
opht hal m ¢ preparations disclose erein. gse vehicles incll e, ut” are
not |i m tadink@baget yinewdlyalizphdlersinavi doarecoliiydr oxXypimpy| ped®s hyYersinia

cel l ul ose, pol oxanmers, carboxynethyl cellul ose, hydr ox&t hél cel l ul ose and
puri fied REHEPUOIEIBEITERIEYS YIgUtedit dtosdstelr BE ade doRK HaBaPGFLssis
conveni enigor g |MGhIAGpIBK! Pl gl | lthflal, O tiAldohitusP 3pdrfithiehdol

sodi um chl ori de, potassium chl ori ge, manni tol and glycerin, or any other

sui t abl e &jphtibghitisc &nbnpolatospt Bidreophdin cparyhadjalstion, Haemophilus | Q3@

Various buyffers _and neans. for adjusting pH be used so |.o0 as, the
asul't nol BEHEIAOTURCIE: GBHewa T CarPy e gttt fe ey SngbaEh ons,
the pH wi bliohe bauyesiichrafdus. CARBILELAE Yiejublf EakpylobEdkide B8R &ia
buffers, citrate buffers, phozg)ha e buffers and borate buffers. Acids or
bases maybigdadend Yigriadjrakraa Vebnrpoahadredwidusy hediendlgmyemgomslad éiteria
[0138] I 5 861l 81 VSidlyo B0 9RAL DAL CALLY. ARt aRLE. apt.on) dani g udes.
but i's not™l'Ym¥&d% o, "6 ubf et A s ul f e 8681 M 4 hi o%ar t4t ¢, ’

acet yl cystaiderelbubydiadisd Bay@rsisysamisink,eBaneoRlek Wi ab Leisn Bar Xyl ez

[ 0139] Ot her exci pi ent conponents, which may be included in the ophthal mc
pr epar at i B#8ology e &rePat | Reriagitts s. viNgasst ul Besapider ngordent  iBsckaddes e

di sodi um . he . at.i ng . be =i n Pl in
coni unct| SRERARARy0h ChaGORIAY, 0 AEPARE, TRCALAR Ol L RIRTRN

sol ut i onsspanSuspenSloomiljuretdificilc dt@badagui ebaomparndycibacleagsadnienei n
are enpl oyed. Topical, fornulatiogns y generally be conprised of a .

phar naceu%éﬁl?acgam eiracs M%F’yé/ﬁ‘ic?g%ﬁﬂ@f #iae; ﬁgq{é’f‘fzéffieﬁﬁmedw&ﬂ@éﬂ‘f’_

pr eser vat (4@ yal & A AIR! | 58BN ocd QA hfemoh ! aYEAAYS AR Bihhab! ON,

t he conpounds and conpositions described herein may be dissol ved or

di sper sedSireptacqrhay pregenes, dali¢rpcacaepicablie kibreentcys ucivmsSapkdbionersor

dext | utioQn.  Suitabl i pi.ent be ingcl uded t hi th
desi red phrho UG BEE: st IE el Kedis SSat U eaoonab B0t um

acetate, HCl, and citric acid. In various enbodi nents, the pH of the final
conposition ranges from2 to 8, or prefgrably from4 to 7. Antioxi dant
exci pients may include sodiumbisulfite, acetone sodiumbisulfite, sodium
f or mal dehyde, sul foxylate, thiourea, and EDTA. O her non-limting exanples
of suitable excipients found in the final intravenous conposition my

o o . o, M



found in the patient's bloodstreamat the sane tine, regardl ess of when or
how they are actually adm nistered. In one enbodi nent, the agents are
adm ni st eavedoryordssaneously. I n one such enbodi nent, adRCHIGSREIANEEN7 i N
conbi nation is acconplished by conbining the agents in a single dosage
form Wen conbining t agents i.n a sjngle dosage form they may be

st cal | SRR TP RO S TR oY - ORHES PSS g e
adduct or shenfeVRLRMNints. BRQHpBUStiRBYLCLRRYIYBRIIt 1 nto the two or nore
active ingredients upon adninistration to the patient. In another

enbodi ment, t hE002§knt dnasanadmibodinentsdthseipdeationathay .is | reatade oenbyodintsiht t he
agents ar eor%dn‘si rsli st'geieeg1 tbhtriogl%g St?e ?lame route,. sucpD as,orall ¥7 | n_anot her
embodi mentOTPRE" AgETCIAPE HERCRT SYRFRYOTHy SUBH A f SFEVEUBL O Clen as
one bei ngsadpisprpienes RupbpHliANEsamdichrr A1 NQinddnii Steiee, | Sdmonella

[ 0153] Exanpl es of additional nedicanents include an antibacterial agent,
ant i f ungalyphgentum.a¥elaarqlia pani. agénenelgnvaatphi. nfamaerrioormyeraidnt Shigdldan
anti - a! ! el eﬁte%gg,metigella Oﬂexnelli,o ]S%fégelﬁog%ngﬁbggfe%%&%rl &8&6%9? nterobacter. , .
co-adm ni stration of “a canpound, conposition or pharnmaceutical conposition
descri bedaberein, Wkiébstellaanpidsanineiel alKlalgedila Sueho@s aSeldriaacanestuanpl es
of such 13-]actans include Amoxicillin, Anpicillin (e.g.,.Pivanpicillin,
Het aci | | i ACI"BREAHH cFalradselicust afgrerpadler, E%Y%%i%f’l |hepyiniapgggrpgaligica,

Car beni ci b ifhid CREURIASLLLIR) pocWEABEINIIR:  TEABRA! bliBmdAE OGbdehphi

Pi peraci | | %ﬁv ZNEC?Féci I I{?rﬁ “VMeBI T |8namc( B virect 11 nan')t, "SI Beni i1 ilnb,ts
Benzyl peninglubtian, (KRyemdphimet mouldfiuanzaBe nZa@trimphdud elmylopeinuci |HdemopPilycai ne
benzyl penicillin, Azidacilljn, Penamecjl!|in, Phenaoxymethylpenicillin.(V),
Pr op] cf || P SRl SREhGS Bt ROt perrN e Bmee P ser legiiei 11 1 n
(e. 9., D elppa@bhditMeolfVisi®¥RsaLAde] VibrioQeaghdedoyiic VBRI fInkelidh PredNSilith] 1 1,
Faropenem Biapenem Doripenem Ertapenem |m penem I\/éropgar]em Pani penem
Tonopenen-isRaiu pemernyioQukaz dleissericCefoacehnidee, Nesesidr oxningitdes, aMexixg!la,

Cef al ogl ygi n, fal oni ym f al or,i di ne falptin,. Cefapirin, atr,i zi ne,
Cot azedon@eesitlyas PR o st clftsg R (il fuirE, Sl CopligleBhions
Cef amandoligaibbmicnery, Baefepmiied d, k¥ aianiBdeserbgéotdgamhiCetRr Blcleroides

Cef buper azone, Cefuroxime, Cefuzonam Cefoxitin, Cefotetan, Cefnetazole,
Lor acar befplagdpicisme, Ceftazi di me, Ceftriaxone, Cefcapene, Cefdal oxine,

Cefdinir, Cefdj n, e - f. ' - i zi one,
Cef ot axi ne, Cede())?Efzol e, eC‘Ee[?‘pl rrg&gﬁé{m@%o 8%%% T?&T rc?’?lﬁggge%e&:m
Cef t i but ethe forifgbingl cenpoufidf ihisobd iforen arkd amoxibhctetialt aenxiafsoliCébrapi esome
Cef ozopr an, f pi rome, Cef qui none, Ceftobiprole, Ceftaroline, CXA-101,
RW - 54428 MRRCIBENG4 61° METDSEDIBAZ8007200 ﬂ?4‘1f@,m‘l§é‘$ (RS Bmen et e e,
Cef oveci nyb et IARAT)hAETONAM 4 CARUIRBIRR LM 4428 B PaT AL o
RW- 333442. WD 2012/ 021455PCT/ US2011/ 046957 [ 0155 Pref erred enbodi nent s
i ncl ude 18rladotivinatgme horapried rapnditmie)g B aperieatyof Hor stpeleatontalire apogem

| m penem ropene VEL036, Tonopenem Razupene nd Pani penem . .
[ 0156] Sone M ErBBanY S RaPls LOERE aPhcoR B b RY reoRgig sttion i
conposi ti gnfinkcH@ IntRaiomEadhipaaéntconposi tions described herein with an
addi ti onal agent, wherein the additional agent conprises a nonobactam

Exanpl es of nonobactans include aztreonam tigenonam BAL 30072, SYN 2416
(BAL19764), and carunbngpr npg %éﬁoﬁ%ﬁﬁ%%gﬁ&ts i nclude

co-adm ni stration of the conpounds, conpositions and/or pharnaceuti cal
conposi tions dpwRr| bedFIGRIRE N iWat dragindgsictidg @B lasagedincemhgivgiplofilbef a

addi ti onal agent conprises a Cass A B, C or D beta-|actamase inhibitor.
An exanpl YD borenig asid gsiss dariyyive agasanstiam of time afteicadpaiaistMEIDPISRYYEhi kazu
I shii et awleé,llgts\ﬁtro Pot enti ati on of Carbapenens with MEL0O71, a Novel

Met al | o- BLact dmase | nhi bitor, against Metallo-B-1actamase Producing
Pseudononas aef0§3Bhosa&IGIURH Rak al gapatigsctingAtht iphasaraodhncégeitivs pohiEioaifher .
doi : 10. 1128/ AAC. 01397-09 (July 2010)). O her exanples of beta-| actapase

i nhi bi t or BIO4EH# ?ﬁéﬁ caelicsRorapic 2 SIS darvaya e highe dde aciuagiAmapf tmaafte,
tazobact agymgilaRasch A pavidBSRPANXL- 104) , MK-7055, and BAL29880. MK-7655
has the follow ng structUre: Indications [0158] The conpounds and

conposi tions cH92P] si AJGHRHA Bcis bor¥may pawider disfratiodenfiavatystabime desu rdf bed
herei n can c?.e used to treat bacterial infections. Bacterial infections that
can be t r SEERNTHRATHETIRFIANEs, conpositi ons and met hods descri bed
herein can conprise a wide spectrum of bacteria. Exanple organi sns include
gram positive bacteria, gramnegative _tﬁlpt eria, aerobic and anaerobic
bacteria, such as Staphyl ococcus, Lactobacillus, Streptococcus, Sarcina,
Escherichia, Enterobacter, Klebsiella, Pseudononas, Acinetobacter,
Mycobacterium Proteus, Canp yl obacter, G trobacter, N sseria, Baccillus,

™~ s -~ 2 . - o 7~ o ~



HC1l= hydrochl oric acid HOBt = hydroxybenzotri azole I m= i m dazol e Li HVDS =
lithiumbis(trinmethylsilyl)amde MeCN= acetonitrile NaHCO3 = sodi um

bi car bonawe 2285 sodi um sul fate NVME N net hyl nor phol iPe&/USMRL/0maST ear
magneti c resonance WD 2012/ 021455PCT/ US2011/ 046957 Pd/ C= pal | adi um on

carbon TBDVSC1, = rt- imethylsilyl chloride TBS=. . . .

Cort butyr o metdighEl | JACHEEE SR, § Kirinodhadine Ht Pkl (isforaimipbosraing T -
thin | ayega6hmetRhadiRRIYerdNRRuld le0R Y fielcWstal B0 rm of Figure 3.

tris(pentafl uorophenyl)borane nonohydrate [0168] The fol |l owi ng exanpl e

schenmes are provided for the guidance of the reader, and collectively
represent an exanple nethod f ﬁ%ﬂg %@ nds provi ded herein.
Furt hernore, other methods foﬁﬁ%ﬂg |P g%ﬁgﬁgﬂgs described herein will be
readi |y appare[go3ip thEhepgesan imen@sdidacy o Kitlhiciobidl Bgems tand poldn@iforsof t he

foll owi ng reacti on schenes and exanpl es. Unl ess otherw se indicated, al
vari abl esthgfeofas deng neabadiseats [inalsdg cenmprsnds SPMPesHMN Phayipasitipl j s an

Sohens. 1 SRR Sy s EADEE BB G 2y tal AR AR ER 11
TBSC1 | m GHp&tidulahlthe pC¥seHiBmvaddnl xelatek. toQewglic Breonic (atROter &divailyes. 4160

-4764 0, ,BH V| lir(COD) C112 TPPB C112Cl12, 16h R7 R ION R4 R8 0, R20
. BR5 OTBSSq#me Q;p‘podltg][eptS(t@eG”hc, b%‘@t&lﬂ??lyd ester derivatives have the structure of formula

I, 11, IIIa, IIIb, IVa, IVDb, or IVc as described above.
[0032] Some embodiments of the compound of formula II have the defined

3,6-cis-stereochemistry shown in formula Ila:

IIa
or a pharmaceutically acceptable salt thereof.
[0033] Some embodiments of the compound of formula II have the defined

3,6-trans-stereochemistry shown in formula Ilb:

or a pharmaceutically acceptable salt thereof.
[0034] In one embodiment of the compound of formula II:
R' is selected from a group consisting of -Cjoalkyl, -Cyoalkenyl, -Cs.
salkynyl, -NR’R'?, -CjoalkylR"!, -C;oalkenylR", -C,.oalkynylR'", -CH(OH)C;.

-12-



10695 -10700 THF 50C 16h OH OH VI I | X1l X R'COCl -78 "C, 1.5 h
rt, 1.5 h or RaCO2H HATU, DI PEA, CH2d 2, 16h [0170] The addition of
enol at es WO 281R1455ut ed a, | 3- unsat urat ed ket ones or al deboyadsg011H4495T m

| 3-hydroxy esters is a well-known reaction (Scheme 1). Substituents R7 and

0 - subst 1t ut e GO B TR hem SR R A FACTh be
controll ed by Lrh‘-ﬂ@ylﬁ? theC?s@CQQﬁlkéH 9subst¢(t_qj)gg aﬂ%&b@IR% ut ext( O)NR°R'?,

a, | 3-unsat urat ed ket'ones_or al dehydes anal og |1, Precursors of structure
1V, where R6 aNRRICEO)RS are conmN(Ba)Q(e NReR ’, may be meNRIGEHDMARNG t he

(5003 " 94 R AR ETE o oy eﬁf%%cg%ﬁ%}@%<é">fi@¢ﬁ?3[ 2&—2? "
with an acid- sm@g?)t:i@{feRHm% ecO@ENRYHNRR 'af ted(RIGNRIRhi sNaehsoiR 0N -al | ows

si mul t aneous dﬁp ?:)t ectipn.of the boronate ester and hydroxyl protecti ng
group in the fNGBDSSNB R esihstifuiggl ?rnu%w@%}l'ieﬂe?dylpﬁb'@ﬁ@@tted Phélnﬁﬂhﬁ‘a%ktﬂ

boronate VI I bst it ut [ u t

[Tetranedron (36 a0 PHEE o HhAGHUE  PabHCL iR, Abiihicd |

achieved with ﬁnﬁub@tahieylhatetadyelypl nane diol VIl toresult inIX

[ Tetrahedron: Asymmetry, (1997), 8, 1435- 40% Transesterificatjon ngy al so
pe

be achi eved fromt hg dnpdedied fiom %rgr%ﬂi’a?%’éls o, -Coolkyle Seetlklester s
can be made by j %ﬁﬁﬁ Qn QiR W IR GREFRRC ald, yaRyRikabl & &Riogchahg ber ane

[ Tetrahedron (ig 9) 59 559 '85]"” g}rﬁl ogatl%/)an of I'X to(_q?)v
chl or oret hy| en&lhﬂdD&Roangabkhde%R& fund QGQQIMQKEQMN ndm’ait(;:rnmlye]lyd{ %arhi eved
via Matteson reagi; on ndi ti 946098 oro derivyative X can
b ut T i sed t oo 1 1BRGIETdogtiBes Ml Simnls yhitpay Srhateseidbitien o
t he oxabori nangmgrifled Sber @RubRREERA | ‘éar%%!g’ﬁ{lﬁllt Wi obWth®d or unsubstituted
hexamet hyl di si | azane gives the corresponding bis(trimethylsilyl) amde X
whi ch may be rbetetoggclyln situ vvlth an acid chloride to result directly in
anal ogs of structure Xl of . XIl can V, @upl i ng
of the bis-TM5 ani n&*Vi l%hlsé% ‘p“'ng ?e%t\‘?%%(‘iogb?émugr%%m (RE idlgﬁ der
typi cal ani de corhl bh@ @@@lkymnw( ecggalk@@r(b@m9l ninde —q¥,. 9&1&%{@1@0%& | &) -
Conpounds of Fornula 1 whe is substituted wifh -N(R9) C(=0) C(=NOR9) R9
trray lele synt hes gﬁ;ﬁem‘i% &[‘?:ém d@rfgd%p&n@g&lyl gncR g@ldd@g& gred?%ﬂ toggfher t ilq

0 as in s e
procedures descri gg% Gﬁ%Paftﬁgfri]t fﬁio régttg(g% 38@% gsuﬂa Sel )éétulgorﬁwu@&i

Publ i cati on N0car26)@413ﬂ)6i192ﬁ8tuteaimidds&stﬁﬁécbhiﬁterbbyclﬂ 822 786, all of which

are incorporated herel n 8by r nce in their entirety. Sinmultaneous,,
deprotection of thet§h ‘éi"tp lenly seleglpd %HER 9@69%‘???%‘?3 o nyNBr%up and
the tert-butyl ten,or IR Rﬁco fOGIRZ afdoN g 8k 6 oy
heating with dl(?ﬁte IIhClwgi‘lfor i’n t%gdes ed oxatglorl %ne d V%Iﬁdves of

structure X || 1nd?€mmientﬂ3arwﬂbrami amR rarewtab;érsmgbélea&vhﬂlethedtdmys torwhm:lmlrIﬂy wth

BC13 or BBr3. Alter tecti ma att ned v

Cransostor| 11 oI SHCHA 0 Tl egriBRIORT EnuBRitRl Bedicrbostunslifirdeonicy
(VW009064413) . um&qﬁ%@@g&@%w/ US2011/ 046957 Schene 2 I XXIV J. Am
Chem Soc. 1989, 111, 4399 Am Chem Soc. 1988, 110, 842-53

[ 0171] Conpounds of eaoh R tis independentie selectd from Fionp k:anwsting o, aCksalkyl,

aral kyl or am an ro e m br medi at e . Xl V shown
in Scheme 2 [J.™ 1¥en|¥dne't@9%§n§1 (1 9?251{(3’1%3 ;ggaﬂf ﬁSUch% ?a1ﬁn%lyu§‘3
derivatives Wayutfsﬁtulf@ﬂeora%n@ﬁtﬁhﬁgwsiryl t Quissteute! o Ourf:sanmateaistlaéro‘éﬁ;m,erre 1,
utilizing di bronmonet hane [J. Chem Soc. (1990), 112, 3964-969

Di spl acenent ofubstiitasy an‘i}lsgl?%@ﬁe¢ A Cklyseahope] v cHidespbetitipd or allnkl&@b‘tuwd
substituted al kyLl| %ggum agents [J. Am Chem Soc. (1989), 111, 4399-402;
J. Am Chem Soc. f 110, 842-53] or organonagnesi um reagents
(W0946098) or by th:&:hsEH) | snindependeadtlyabdydtedfroar yl groap hansitingdef iHalves

[J. Og. Chem 996) 61, 7951-54], resulting XV. Cyclization of XVto
afford Xvi may'¥elac Rov e HIFDED: « fubsttsiegi oF o\‘l%gugg%treflbéla’l’l Uiy

Scheme 3 R7 Rgns%stﬁﬁteﬁ‘he@oﬂl, Bsticdet € uiRubbehR@d I8Zrb|6|9yc'ly19 afitB s&sﬂuted

or unsubstituted heterocyclyl; and
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HOO XVIIXVIT1 [0172] Conmpounds of formula XIIl and XVI are m xtures of
3,6-cis- and 3,6- trans-isoners. These anal ogs can be nmade in

enant i omawpealdog145are formas single isomers by starti n@Cras20m/o8ohene 1)
with a single enantioner (XVI1), as shown in Schenme 3. A variety of et hods

to prepare such ena a ure | 3-hydrox r

2012/ 021455PCT/ uszo%tﬂso%&?; %‘Pfé LR RO Ph D Q‘E) ﬁoﬂn deSaabpivlic eid
resolution [ O gosibEt., (2008), 10, 3907-09] or stereoselective synthesis
[ Tetrahedron, (2000), 56, 917-47]. Such single isomers result in
enantionericalUyBéhreIDEem@@nﬁ@dm@mﬁxﬁWDHmmumkﬂﬁﬁm@mﬂmS@dﬂiNWi%enthuences

depicted in Sc 1 .and 2. Sch 0173 Th en Schene 1
al so all ows foﬂﬁggfie Hﬁ‘gP d%npﬁs pgm?s§ﬂgﬁ’ B§Ifg@ ﬁbered

rings. Fogegxanple, a seven menber ed analog XX where n = 1 can be achi eved
by using the correspondlng allyl internmediate (XIX) as a starting nmateri al
(Scheme 4). sul®933] | yiIngemp gabpdiseentssofompenndssd fomadas it 113, o1 B, e of
several well 13- 63,
5336- 50] 1 nt oT0e] at SRR PHRERLAARE of LERLANA BINbIAIC e,
Schene 1 BO-@s- ytereeolﬁernasmpsichmgm&eﬁﬁmibeﬂednctmmound of structure XX start| ng
frompent-4-ene-1-al [J. Med. Chem (1998), 41(6), 965-972]. WO

2012/ 021455PCT/ US2011K84 @57R5R4R2R4 Ral R Rdﬁ?ui%ngscatalyst

'RaRd1. (+)-Pinangdiol| R8 R81 HOCO2R', B. 02. Hydr rtectlon R6HO, "'

Rs R7TR7 XXI I XXI || L I [0174]C0npounds S | and XXVI
can be made follow n depicted in Sche . Rg- d,osi ng
Met at hesi s rea i ol efins (X tituted

| 3- hydr oxy ester's 1) resylt in cyclic bordnat la XXI'II. Such
cyclic boronates (XXN 1) un y esterificativon wt piXhane di ol
to give required Mat precursors upon, Bretg t he

resul ting al cohol th groups spc as t- butyldlﬁp hyl si I yke oft 4 qul or
trityl. Matteson nDIogatlonpfolldﬂed by amide tormation regult Rn
compounds of formula XXVimMtth high stereosel ectivity, gggdescribed above.
Aci d nedi ated hydrol ysis of conpounds of XXV upon deprotection give cyclic
bor onat e %%ﬁ' on of XXVI can be further nodified
to ot her gn 6%gmsuggmgégggﬁﬂ@ggg%h%$% ic boronate (XXVIIl) by catalytic
hydr ogenat i on. UHBQ]abdyﬁmseqUQhﬁeme&ﬁmmeMpmNMQdfﬁmnmhkﬂhkxlﬂblﬂweﬂﬁnbered
rings with_double bond at a deS|r position_ by varying p and q of XX and
XXI T . ScﬁgﬂﬁnﬁsuxeC@T?ﬁFﬁﬁ WH A “@PaﬂyFﬁBBang where R2 and R4 taken
together forman aryl rigg can be nade fronlconnerC|aI#y avai |l abl e
substituted aryl preclrsors & XXVIIIl. Substitutionflof theRbrom ne atom by
a boronate ester s ed di tigns

[ Tetrahedron (2002), ™% The steps of hy Rfornation,

a- am dobor onat e prep.ratlon aid—qecl i zati on can be/attai ne pynt hetic

st eps anal ogouw, schenme 1 to giveF§ . Schene 7 0
RBRA RoRRAR Ry R2 HNOHHN  OH\ 0 Re OHR2 Rs
HOOHOOHTBSO MOM [ 01 @ % ormul a I

substituted as nale cci nate ( XXXVI)

t he sequence showadi n Schen@'? te |nternedoates sucﬂ d can be
transforned to anal ogs XXXV aﬁhlogously to the steps in Schéhe 1. Anal ogs
of XXXV can be further t sformed to the correspondi ngppuccinic acids of
structure XXXVI by catal ytic hydrogenati on. Ml eate |nterned|ate XXXI'l may

be assenbl ed fron1|nt successi ve deprotection of the TBS
group, oxPH%P@%ﬁm?%u? %F@@ﬁ@ﬁgéxﬁﬁﬁ¥¥lon of vinyl Grignard and
reprotection apaoiBS QyhetmbddihRhiFest @t @ oxebShndtedf fembrk nwd, fvwmaave
protected propargylic al cohol XXX follomnn net hods known in the
I|teraturba%me3§He@ﬁew0dw2@@Qyﬂ“&ﬂlmégﬂgmg%ydIVC2mdf%ﬁmounds of Fornul a
where X is a carboxylic acid isostere can be prepared foll ow ng the
protocols described in the literature (see J. Med. Chem 2011, 54, 2529-

2591, which is incorporated herein by reference in its entirety).
[I'lustrative Conpound Exanpl es
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[0177] Synthesis of 2-((3R)-2-hydroxy-3-(2-(thiophen-2-yl)acetam do)-1, 2-
oxaborinan-6-yl )acetic acid. An exanple synthesis of 1 is depicted in
Schene 8 wodoBxamsse 1. Schene 8 Exanple 1 Step 1 [ O01PBTASc@ufadosdtt om
flask charged with [Jr(cod)Cl]2 (350 ng, 0.52 mml) and

1, 4- bi s(di phenyl phosphanyl ) byt ane (446 ng, 1.04 nmol) mas flushed with
argon. DCM (60 nlL), pingcol Borane (3 nL, 21 mmol) andy’

tert-butyl-3-(tertbf i met| hyt B 1yl oxy) pent - 4- eni RPJ. Og.
Chem, (1994) , 59(17) - 4R64] (5 g, 17.48 5 nu#of DCleere
added successi veth ature. The X tirred at

HmmtammaUMefm
water (10 nmL), the prjoduct was|extracted with ethe
gave p

Chr omat ogr aphy on s Blca gel PCM >50% Et 0Ac
4,4,5,5- tetrMy\kl 3,

3-(tertbutyl di I5| glox
| ) pent anoat e XXXVIII 13. 2R |, 75.5%i el d). €
delnethylsilyloxy)

solution of tert- butyI 3-(ter

tetranmethyl-1, 3, 2- dloxabéﬁol ayl) pentanoate XXXVI I |
THF (25 nlL) was added (1 R’
S, 25,3R 55)-2,6,6-trimethyl bi cyBf o[ 3. 1. 1] hept ane- 2, 3-diol (2.Rf g, 14.3 nol)
at roomtenperature. ThelYdaction ni xture was stirred f¢ 16 h and then was
concentrated under vacuum The residue was @®irified by colum

chr omat ogr aphy (100% hexane->40% Et @Ac/ hexane) gn silica gel to give
1-(tert-butoxy)-3-[(tertbutyldi methyl SNyl - £20x0- 6-

R2S, 6R) - 2, 9, 9- trinethyl 3, 5- dioxgq i

ut yl
aborol an- 2-y
[ 01979] To a

|, 84.6%vyield). Step
3 [0180]To a solutlon of DCM (1.5 ni,| 23. 6 o) iR THF (30 mL) at -100 C
was added 2.5 Mn-butyl lithiumin h nm.,.4,12.98 mmol) slowy
under nitrogen and down the inshgf/ﬁh agk whi | st mai ntaining the
tenperature below - 90C. The resulting i

m nutes before the addition of 1- (tert-buyo
[(tert-butyldimethylsilyl)oxy] -1-oxo-6- AR2S,
di oxa-4-boratricyclo [6.1.1.02,6]decan-4-yhb A-3-y1 XXXIX (5.5 g, 11
mml) in THF (10 nm.) at -90C. Zinc chloride (236 n., 0.5 Min diethyl
ether, 11.86 nmmol) was then added to the jjgaction mxture at -90C and then

t he react mtenperature where it was stirred
for 16 h.bgag reag%hgﬁﬁgd%gauenghﬁgwhg?h a saturated solution of anmoni um
chl oride and tﬁm4phaseBHMEemms@pmnEUﬁdheEbemamuBOMSﬁpmameIwaspﬂhmnIVc
extracted, wit gleth yl tQﬁ (3 x 50 nL 4&onb|ned organi c extracts
vere dri eB3GVET S RABHAtereqonerdtsty SEAYn & @Ni% ﬁ%& R8dVieduced pressure.
The concentrated nateri gb t hen chromat ogr aphedgt 10Q% hexane -> 50%
Et OAc/ hexane) to obtgin|6- Vv?{li:;erlg‘\%butoxy) 4- [( grt-but dlapthyIS|IyI)oxy]
9 :

- 1-chl or o- 6- oxo- 1- -trimethyl- 3,5- tricyclo
6.1.1.02, 6] dec 6 g, 10.§ nmol ). Step 4-5
[0181]Ch|oro i nte' i /2 g, 2.33 nm.) was cool ed

o -78C under nitrogdn. A sol ut|ionRéf Li HVDS (2./33 ni, iRA THF, 2.33

ol ) was added slowly and the|reaction flask s then alllowed to warmto
room t enper at ur e wheP mPed for 16 beB\ethod A eResulting was
cooled to -78C &% 5-§hb eacetyl chl or it was\added/and the sol ution
stirred at -78C for 1.57h. 2N he cooling bath was anved and the
solution stirred at anbi gt ;gg?GFEture for 1.5 h. He r RN was
quenched with water and extr d tw ce with EtOAc. The anic |ayers were
conbi ned, washed with wateR’ pe, dried (Na2504) an&’ con gntrated in
vacuo to afford a pale y?t|OM/Sg|Id as crude product. I? esi due was

chr omat ogr aphed on a silit& colum (100% DCM >40% Et 0A ﬁxm@ to afford 570
ng of 6-(tert-butoxy)-4- [(tert-butyldinethyls ilyl)oxy]

- 6- 0oxo- 1- (t hi ophen-2- ylacetam do)-1 - [(2S ,6R)-2,9,9- trinmethyl-3 ,5-diox
a-4- boratricyclo [6.1.1.02,6] dec an-4-yll hexylidyne XLIl as a white
solid (570 ng, 0.92 mmol, 39.5%vyield). Step 6 [0182] Method D:. To a
solution of amde XLII (250 ng, 0.40 mmmol) in 1,4- dioxane (10 nL) was
added 10 mL of 3 N HCl. The m xture was heated to 110C for 90 m n. The
solution was cooled and diluted with 10 nL of water and extracted tw ce
with 10 nL of diethyl ether. The aqueous | ayer was concentrated to afford a
sticky residue as crude product. The regsidue was rinsed with 5 nL of water,
di ssolved in 10% MeCN- wat er and | yophiTized to afford

2- ((3R) - 2- hydr oxy- 3-(2-(thi ophen-2-yl)acetam do)-1, 2-

oxaborlnan 6-yl)acetic aC|dI as white pomder (100 ng, 0.337 nnDI 84. 1%

I T B Y R IR A 7 NI 7 N\ . . a ~ - VR ~ - a — oA VR I\



2 [0188] 2- ((3R) - 2- hydr oxy- 3- ( 2- phenyl acet am do) - 1, 2- oxabori nan-6-yl ) acetic
acid 2. 1H NWR (CD30D) 6 ppm 0.82-1.33 (m 1H), 1.33-1.51 (m 1H),

1.51-1. 68WOrRp1210)4551. 69-2. 00 (m 1H), 2.14-2.34 (m 1H) PCZB4012/06®5Tm 2H),
3.74-3.76 (m 2H), 3.98- 4.20 (m 1H), 7.22-7.41 (m 5H); ESIM found for
CL4H18BNG6 miz 274 (100% (M H20). 4KZ/ H sl-\ B-OOH HO 3

[0189] 2- ((3R) - 3- acet am do- 2- hydr ox - °2- okabor i nan- 6-yl)acetic acid 3. 1H
NVR (CD30D) 6 ppm 1.07-1.36 (m 1 (m 1H), 1.59-1.73 (m 1H),
1.73- 2.09 (m 1H), 2.15-2.16 (d, 3 -2.6 (m 3H), 4.01-4.23 (m
1H); ESIMS found for C8f1i 4BNG%. % (M H20). 0 H\N\ B-0OOH HO 4
! y- 1, 2- oxabori nan- 6-
yl)acetic acid 4. 1H NVR (CD30D) 6| ppm 0.98-f.32 (m 5H), 1.32-1.67 (m
2H), 1.67- 2.06 (m 2H), 2.27-2.6 —98R%. 16 (m 1H); ESIMs found
for G OH 6BNOS mz 224 (100%HOQ HZ\G; [0L91] Ne foll ow ng conpounds are
prepared starting from enantlomerlcaI(Py e (F@ tert-butyl

3- hydr oxypent - 4-enoate (J. Am Chem Sof. 7 29, 4175-4177) in
accordance with the procedure described in above Example 1. Hi sl -

p- OOH HOO 5 R’

[ 0192] 24( 3R, 6S) - 2- hydr oxy- 3- ( 2- (t hi ophen- 2- yl§%acet ani do) - 1, 2- oxabor i nan-
6-yl)acetic acid 5. 1H NVR (CD30D) 6 pph¥D.97-1.11 (g, 1H), 1.47-1.69 (m
2H), 1.69- 1.80 (m 1H), 2.21-2.33 (td, 1H), 2.33-2.41 (dd, 1H), 2.58-2.67
(m 1H), 3rQﬁha(rﬁmceﬂid):allﬂa&ﬁptébléléalftherel)lﬁ), 6.97-7.04 (m 1H) 7 04 7.08 (m

1H), 734738 dd 1H); ESIIVIS found for Cutli 6BNOBS nj z { f%
( M H20) In some embodiments of the compounds of formulas H Ha Ila, IT

0193] 2- 2 e Xaporpn 5
g )ac]et. éfﬁi?.lﬁ@ T% i R T AR e Bl S L P
1H), 1. 53hyd|ro§ﬁl(td 1H), 1.68-1.78 (m 1H) 2.17- 2 26 (dd, 1H), 2.26-2.36

§S? o-ZZDHi sgixlggl‘fﬂ‘@l 27411(536182 A[(O%’/tfil%ﬁ of %f@;{}l’%ﬁ‘é $91 fpgwlﬁgkﬂyﬁgﬁkﬂﬁ@gﬂd

prepared iyt a§a0NIRNGR, WHhI\fehEIV[PergeCI%eaﬁ&Wir iaP@dsi Hnd RE i2hiankeRoPl e 1
starting fromenantionmerically pure TR -tertbutyl 3-hydroxypent-4-enoate

(J. Am ChewwbsBoted apd07, 129, 4175-4177) using nethods B and D. 1?1H2 HN O
HO 1:::41)10H

[0195] 2- ((3R 6@§§] ( I s9mg fhedumnents Rl g comperads) LFompuiag Xy 1. Hla, b,
oxabor i nam&-1yla) W@tm avHANGS IWASIV S ahvat eel #8i, ab€eakiCaneSRI tis sublstitihdd (:CD30D)
6 ppm 1.24-1.27 (m 1H), 1.51-1.72 (m 3H) 2.45-2.50 (dd, J=5 Hz, J=5 Hz,
1H), 2.55upsubgitpgd arg=2 Hz, J=3 Hz, .66-3.71 (m 1H), 4.38-4.53 (m
1H), 4.99-5.09 1H) 8- f iAH 5 nmz
289" (M H20) . [@SLN 1n sgfn% ﬁ%&éﬁ?% gﬁpe coﬁl% M?ds %ﬂn&l@tg 11911‘5!"11%‘?'}%9,

[ 0196] 2- ( (IBRI§S) 3o (I3’-caIdeTI,OIMeQ D) Avigrl OY h, 2arkalyIiri 0 xtyte dst Do XRecbaidi m”am&aken
yl)acetic acid 34 was isolated as the HCL salt, 1H NVR (CD30D) 6

1.24-1. zgtqu@per gfuh}ghwtomjig vy.lEch ﬁ]ﬂy areattashed @Zfofrfldi su]?sq_tgteﬂﬁar upsypsy tele),
1.68-1. 72, 1.79-1.82 (m 1H), 2.43-2.47 (dd, J=6 Hz, J=6 Hz, 2H),
2.70-2.74 (m 2H) 2.83-2.86 (t, J=7 Hz, 2H), 3.26-3.29 (t, J=7 Hz, 1H),
4.10-4.16 (m ﬂ09)46] ESIIVSome wendodonen®9bf the ©8hipObnan of 287uladIHPIA) I11a, I1Ib,

Ile, IVa, 1Vb, 1Vc, IVd, IVe, IVT, IVg, IVh, and 1Vi, the bond represented by a dashed

and solid line is a single bond. In other embodiments, the bond represented by a dashed
and solid line is a double bond.

[0047] In some embodiments of the compounds of formulas I, 11, Ila, Illa,
IIb, IIlc, IVa, IVb, IVc, 1Vd, 1Ve, IVT, IVg, IVh, and 1Vi, R® and each R’ and R® is
hydrogen.

[0048] In some embodiments of the compounds of formulas 1, II, IIa, Illa,

ITIb, Illc, IVa, IVb, IVc, IVd, IVe, IVf, IVg, IVh, and IVi, R' is -NHC(=0)C .oalkyIR'",
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35 [0197] (S)-2-am no-54(3R, 6S)-6-(car boxynet hyl ) - 2- hydr oxy-1, 2-
oxabori nan- 3-yl am no) - 5- oxopentanoi ¢ acid 35 was isolated as the HCl salt.
1H NWVR (GDBQID)Z/(ﬂl{spm 1.50-1.66 (m 2H), 1.66-1.84 (m 2FCT/UB2Mm04020920 (sex,
J8H21H) 2.20- 2.29 (m 1H), 2.40- 47(m2H) 255259(q,J7Hz
1H) 2.69-2.75 (m 2.94-2.9

H); ESI NE’“ FHRGUEDE %Ofl IFHSEg%’é‘?‘C% Ny Mﬁ—blbsuﬂl—t&d ﬁr% or’s S?Bt“teé OrHo 0OH
41 [0198] ans(u@tﬁué&)he%n(a%ylarlh @&ﬁés&dmeetrﬁwdhhém Ut anafrhdoy- 2- hydr oxy- 1, 2-
oxabori nan- 6- y acetic acid 41 was isolated as the HC1 salt. 1H NVR ( CD30D)
6 ppm 1. 45- 1. 6004 1Hp, somecGnhodimertnof 1thy comppaads, ofofmpylagH) 11, 1lagdlia. 05

o, ROE 0 i A el kA e
ai H2 113 N%ér%nﬂf{% 182&Teddw'ﬂrﬁﬁ)the %rogﬁ c(b&isglgk f 0 3R ASubBtifuBd(cF unsubstituted

, 5-di fl uoroghenyl ) acet am doz roxy- 1,2- oxaborinan-6-yl )acetl c acid 66
was i sol afied sybstithed gopnsHs 1tuteﬁquWP@r¢/b:@3bﬂ9)tuted gprngbgguedFariogyclyas! Hz,

1. 55; d, J=6 Hz, J=3 Hz, 1H), 2.22- 226(dd
J 15 Hz, ﬁ‘%éﬁﬁlszﬁﬁ’mbfuégg@%@z?y&%’q J=13 Hz, J=7 Hz, 1H), 2.62-2.63 (m
1H), 3.78 (s, RES0] 4. QB-sbnik2erhbodidbhts &. tBB-cBm@Bulﬁdst of fhefuldz, I, JEATaHAIIa1H)
6.97-7.01 I&}gd J=5 Hz, J=2 Hz, ZH%); ESI M5 found for, G 4H 6BF2N05 m z,,310. 1
(M H20) . AHE TG £8P 16 RY-AYiep bV d¥e Ve gpe bYh &d i nNEK(GPHaraliR th t he
procedur ehf’%ﬁﬂé' bed érﬂbéd?ﬁeﬁt@okel Exanpifutdd %raﬁﬁs‘uﬂgltﬁtregrﬂrgﬂ%i)'stﬁﬁéﬁ' gally
pure (R -tertbutyl 3-hydroxypent-4-enoate (J. 2007, 129,
4175- 417 7ynwitirgtedeb¢todaryh autbtifited orpusubl@it@Ed carbocyclyl, or substituted or
[0201] 2- ((3R 65%- -benza go 2- hydr oxy- 1, 2- oxabori nan- 6-yl )aceti cacid 37.
1H NVR (d(f%%‘Bi eiocifgy 19 (g, J=11 Hz, 1H), 1.60-1.65 (dd, J=14 Hz,
J=3 Hz, 1H), 11o051f. SQH(sto?he @rﬁ@odﬁen@‘tﬁ thig :co undk- &1f01=m%ﬁ15 (Id 11, qlﬁlqllﬁiz
1H), 2.32-2.38 (dd, J=15 Hz, 1H), 2.44-2.49 (dd Pz ,
1H), 2. 821}, dHc(kVa, 3¥h, INx, IYH)IVMI‘if) Wg;LWI( mldiyl) R?lSErNHC(G@)B WhelSmHz
2H), 7.70+¢..73 ES VIS gund for

orhi - 11 6oR0a’ Sebstinua Syt g ByDiRalfich Br B iedihienaRl dheSalfhd o7

accor dancer isubstitied pibee@dUy cordabaitidedr imsubhauRboverdoyalypl e 1 starting
from enantioneri caIIy pure (R)-tertbutyl 3-hydroxypent-4-enoa

te (J. Am
Chem SOC 200/0052p9, M1spsle4qmb9dlm§ntﬁg>frﬁb@ [FeEPORN n@f formpan 1, Yk Ig NIpy N

- R, 00H HO 0 36
[0203] 2 ( ?C I%)Qjéln% (%Yﬁl azcﬁg‘%3 I I’)I-VfZl %lhagg)IV%P% car%oxyn’et hyl ) - 2-

hydr oxy- 1, 2- oxE(l!)LSB] narIn&omeaemMmant@xﬂethhwbn@em&amﬂwﬂmmu)as2[- e tlhy ITHeopanoi
c acid 36 _was isolated as the TFA salt. 1H NVR ( Pnpll 60 (s, 3H),
1.61 (s, Bib g 135 VedVedVds e, TYTAY 2 I a(lfJnIVzu% 10 1961k1 R1 (m 1H),

2.55-2.58 = 5 7 A
N E 0y M gﬁ%mfeo?%%odéﬁg% dite Jcaﬁlfuands D forfu 1 AL Mg LH.

-N. ) ( HOIIDOMIBE Va, IVb, Ve, IVd, IVe, IV, IVg, IVh, and IVi, R 1s —CH(OH)C1 9alky1R

i yachti ¢ aci dlsT 1 Teticcembraigns,sh BE Fatgous o fosBiBoy, M3y %a
1.40- 1. 46 , 5 iz,
ey 7011%63511&@% Ve, Ivébq&d;z\ﬁ ?Iwzlg%<gﬂh]aﬁl§%\7(d¢1ls -E@d)'@, ﬂkﬂ}{ Z 36 2 20

(dd, J=8 Hz, JHWSPE, ip)sone. gBbalimentshf the3ompprndsied) formuins.-Ip Iz gla; tillag=7

Hz, 2H), 2 9 my11H) 1023 (m 1H),
7. 25- 331213b H&A?’l féé? IVFVE & s Vg By 5B e %@%& 0). 0 39
[0057] In some embodiments of the compounds of formulas I, 11, Ila, Illa,

IIb, Illc, IVa, IVb, IVc, IVd, IVe, IVf, IVg, IVh, and IVi, R' is -N(R*)C(=0)N R’R"’.

[0058] In some embodiments of the compounds of formulas 1, II, IIa, Illa,
ITIb, Ilc, IVa, IVb, IVc, IVd, IVe, IVf, IVg, IVh, and IVi, R! is -N(R”)C(=0)O R’.

[0059] In some embodiments of the compounds of formulas 1, II, IIa, Illa,
Ib, IIlc, IVa, IVb, IVc, IVd, IVe, IVf, IVg, IVh, and IVi, R' is -N(R”)C(=0)C,.
4alkyIN(R%)C(=0) R’.
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[ 0205] 2- ((3R, 6S) - 3- (2-(2-am not hi azol -4-yl ) acet am do) - 2- hydr oxy- 1, 2-
oxaborinan-6-yl)acetic acid 39 was isolated as the TFA salt. 1H NVR (CD30D)
6 ppm 1. 280208@2(455 1H), 1.63-1.76 (m 3H), 2.40-2.43 (@#CTASB01HD4PBl
2.68-2.70 (m 1H), 3.72 (s, 2H), 4.17-4.21 (m 1H), 6.69 (s, 1H); ESIIVIS

B%ﬂngof O{/\DOZ:)TE%QIE épg?%ﬁé%g‘i% %M L2 )the compoun tJ g)r lasO[ 11, I?Ia IHa) L HO
[ 0206] 24( i, G, 194( b, 3vE2ARMotivie azal 1vh hit 191, R is -N(R*)C(=NR'") R’

( met hoxyi m no) acet am do) - 2- hydr oxy- 1, 2- oxabori nan- 6-yl )acetic aci d 40 was
i sol ated as thHOBEA sdhtsomeHmivRlinEDS o) the copwoandseollfasmulam 1, 2)lla, 11176- 1. 81

Ech 1 16%@115 @pFé\VB i%"')fvégggoﬁég&(gt%a?ajf 1'@_6 Czrl\@%%y]ﬁﬁ%” 59-2. 64

( I\/I:-))ﬁZg) 37 (m WZ] 7. 86 dome dibodimShtyoff @ RAmpetindsusf fofBWAOGSTINIE, 389, 1

[ 0207] 2- ((IﬂRIHS)LVa, i\éb ANE Y BIYpyVEAViE BYBelang MY En diitielf ROMPBdRoxy - 1, 2-

b 6-
CCD300r Croop) UASEL ngEht: EfodBihehdbrhedafipo @%ﬁ@f foghgtl . 3y
1H), 2. 53{,3Mc,(1Va, U»ttﬁ IHZ mcHIVe zv&sp@ wsh ,(aind NFR e ;CEB)C(NRBTY BRY.43 (m
2,417421% 4.41-4 (m 806810§qtzjd J=6
J , 45, 571n(%0meaﬂ@f70¢ﬁlentmf (hg Bwgigh plfgmulps 4 Ha1#|51a
8.8 28) 87}41&%&%1«: I%GI\W IV\]:"DVd 'E@é W‘fslvfgot'\ﬁl@ haTVORAHLORNSYsOoMRZ 304. 2

08] 2- (( 3R, 65)062} hydnmoyrwSer(llzec(lmynus dafnhé}cphlanMSamlﬁ thonulhs 5 ok dborlllnan-

[ 2
o5 1o iedy BV R IRE By Ve N R RN SORIERSS Phg
; =15 Hz, J=6 HFOO63]") 1R s@ﬁre &n@&iﬁbﬁl%ts ]d'ﬂ)the %o&%o?ﬁis é-’f"?ormﬂla;l‘rjl 41, 18, (oy, 1H) ,

82-7.85 (dd, , 1H), 8.68-8.70
(brd, J SHHZ, IHQI—I)Va I?»’WQV&I?@ (e, §Vf11N)g,, I‘E]SIHIVSWOLXM €6}2HO 3H 7BN205 mz 275

(M H20). NH O

[0200] 2 ( (3R, 68753 hy dP oy TR mRa o OF Sempownugl aialsy 1y 1 Jla. M
oxabor i nanﬂﬁ-mb)lalheww 1&¢] IV dveayfi Bod, aVBCandsS Vi e isTifarbatlic atid iNdeer€ CD30D)
6 ppm 1.44-1.51 (m 1H), 1.54-1.80 (m 5H), 1.80-1,91 (m 2H), 1.91-1.98
(brd, J= 1131 [spme 1395h  enboggnents jthe grarboxylig aqpd ispstpraps selegted Fromy.the groypnon,

FITIRERTE S e L VRN U L A L i M R
4 34 4.38 (m 1H); ESIMs found for CIZEQ\?NZOS m z 267 (MHZO) 4610 0 HO

OOH 46 [0210] 2-( (3R, 6S) - Zﬁgdr oxY- 2 3, 4- t et rahydr oi soqui nol i ne- 3-
car boxani dePNIR bix aBOrHn BIR )%etﬂid: HNTN, 46hergia RS0l saderted fiiome tFA

salt. 1H NMR ( 1. B3, 16 nl.75-1. 83
(m 1H), %58 %%3%?%‘?% %E{) lell%é 25%(# WaOé@)’Ciéalggl éé‘ @%@%R 2.82-2.86
(t, J=7 F@(RTHD,C(@)@ST&111%4aﬁdict:(R33:);GCfﬂZ),ORllL12 Hz 1H) 3 36 3 41 (dd, J 17
Hz, J=5 rz, 1H), 4.21-4.24 (dd, J=18 Hz, (

4.42 (s, 0881 7 J8 sorme qrplyodﬂ?lelzt? of. tée Cempoelitqis OE%mroslaﬁ&uNd Tjag ! I

Ci 6H2i BN2 5 net hod E while the
conpound ﬁg"rglgl s I\Q%/g%ggwd% flylﬁglrz]g[ag%%lja]gﬁg{cll SH\QSQ% m), 10% Pd/C (50 ny)
was added. The[()%a]:tl dn somet unbaodmsntstqfrthectompdemdshgfdfommalmsfIan dla Illa,

Lo T el e T b B R En iy et e

(2 X 10 nm). Trogref at 'Iﬂ%o\‘ﬂet é}n&sdﬁem@ eowh& %@nfpeu@dspéfefdnﬁma@tp i hiwas
filtered and washed with ether (5 nL) rledto gi ve,

2- ((3R 6 STHB-II¢.AV-a2\ErilNo- BAd, IVe, TV, IVg IVh and IVi, R" is H; R%is -C . 9alky1C02R

guani di no Iggﬁanaﬁn do) - 2- hydr oxy- 1, 2- oxabori nan-6-yl )acetic acid 47 as the
TFA sal t % ‘as an off-white solid. 1H NVR (CD30D) 6 ppm 1.39-1.46 (m
1H), 1.52-1.58 (10711] 1H)Sorde @fmbbdiffentsMincdide, aleofdpoking4sefd¥tedl Fom lhe?'é-réh{})g5 (m
3H),234238(dd J=17 Hz, J=3 Hz, 1H),263268(dd J=17 Hz, J=7 Hz,
1H), 2.94consging@f, J=10 Hz, J=6 Hz, 1H), 3.20-3.24 (dt, J=7 Hz, J=2 Hz,
2H), 3.86-3.88 (t, J=6 Hz, 1H), 4.27-4.31 (m 1H); ESIIVIS found for

G 2H24BN505 mfz 312.2 (M H20). H N2N
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0l3,, .Ndi.).L HO OCH 48 WD 2012/ 021455PCT/ US2011/ 046957

[0212] 2- ((3R, 6S)-3-(2-(2-am noet hyl t hi o) acet am do) - 2- hydr oxy-1, 2-

oxabor i nawoaeleatsst i ¢ acid 48 was i solated as the TFA gartuS2aHoMyYR ( CD30D)
6 ppm1.38-1.46 (m 1H), 1. 46 1. 54 (m 1H, 1.71-1.78 (m 1H), 1.84-1.92

(m lH) 2 30-2.34 (dd, J 4 Hz, 1H), 2.56-2.61 (dd, J=16 Hz, J=6
: .80-2.83 (t, 2.89-2.97 (non, J=7 Hz, 2H), 3.17-3.24
(non Hzs 2H) 337(s 415420(m 1H); ESIMS found for
Oz 0 H
3R

OOthQBNZ 273 (M H2 r|NNO , B, 9% L HO OCH 49

[ 0213] 2- (( dr oxy- N |d| n- )_{(c_eBirPn/zijo) 1, 2- oxabori nan-
6-yl)acetic ac 9 wa oI ate t eOTFA sa (CD30D) 6 ppm
1.17-1.27 (m 1IT.|)) 1 67(rno ,013713@(m0 2.32-2.43 (m 2H),
2.68-2.70 (t,pJ=4 , 3.22-3.26 (t, J=7 Hz, 4.15-4.21 (m 1H),

794796@@4{( Iz 8.75-8.79 (d, J=6 Hz, ESI M5 found for
Gi 3Hi 7BN205 27 (MHZO) H 50
S

[0214] 2- (( 3R, 60;3 —P4- ami nocycl ohexyl ) acet anm do) - 2- hydr oxy- 1, 2-

oxabori nan- 6- acetc?c acid 50 was isolated as the TFA salt. 1H NVR (CD30D)
6 ppm 1.15 25(m 1H), 44-1.88 (m 10H) 2.05-2.13 (m 1H), 2.19-2.21
(d, J=8 HBAZ , 2. 30-2. 364(dd, J=6 Hz, 238247(m 3H), 2.61-2.63
(brd, J=3 HZ 31832 (t, J=7 Hz, 404411(m 1H); ESIIVIS
found for o H N205 m 2=Z95. M H20) . L, ,,..r 51

[ 0215] 2- ((BW‘E‘?H%- | HEMTAno oheXsN do) 2- hydr oxy- 1, 2-
oxabori nan- 6 Qce "'aC| d 51‘3 \ﬁas st at ed, a% t SOHFA salt. 1H NVR ( CD30D)
6 ppm 1.23-1. m® 1H) ; 1. 3% 148(m AH™ 1.48-1.86 (m 12H) 2.40-2.50
(m 2H), 26523m2H) 3.22-3.26 (t, J=7 Hz, 1H), 4.11-4.18 (m 1H);
ESI M5 found r 205 mz 295 (MH20). H NO NHO-N,.)- L HO OOH 52
[ 0216] 2- ( #3R, 6S) - 2- Erydr okye3- (2- ((R) - pi peri di n- 2- yl)acetam do)-1, 2-

oxabori nan- 6- yI)ad:'étl c 8cid.,52 was isolated as the TFA salt. 1H NVMR (CD30D)
6 ppm 1.27-1.37 (m 1H) 149180(m 7H), 1.86-2.00 (brdd, J=11 Hz, 3H),

2.44-2.46 (d, J=6 Hz, 261265(m1H) 272273(d J=6 Hz, 1H),
3.03-3.09 tNJ13Hz 3. 41- 345d =13 H, ,3.47-3.56 (m 1H),
4.15-4.21

; ESIl\/Bfound for Cﬁ'@% . HO
3/ t)
[0217] 2 ( 6§)- Bltydr oi pag1 di ng2°Y1 ) Ackt am - on

oxabori nan yl ) adetic Cld Was i sol ated as the TF sal o' 1H (CD30D)
6 ppm 1. 26135(m 1H), 1.48-1.59 (m 1H), 1.59- 1o®|8(m 2H), 1.68-1.81

(m3H) %%ZOO(mBH) 2. 45- 47(d I=7 He, H)0265267(tJ4
:6HZN’
(

3-3.08 (dt J=3 Hz
3 42- 3 46 & oH1H) % ESI VB
gB R Nt le? = 1.q>of N OH 54

found for G ShJaSBNZ 29 ( Mg

[0218] 2- ((3R, - 2- hydroxy 3-(2-(2-phenyl - 1H i dazol 1-yl) acet ani do) -

1, 2- oxabori na y(L)acetl c a 54 was isolated as the TFA salt. 1H NWR
(CD30D) 6pp 1 4 m 144154(m H) M1.66-1.80 (m 2H), 2.15
(s, 1H, N*SI" -2.75 (t = 1H), 4.33-4.39
(m 1H), 4 5. 05 rb 7 65 763( H); ESI M5 d-@ung—bor C 7H20BN305
m z 358. 2 w#o Ho O O o

<::>*_EN—4( ‘/o N {

Y HO HN
N )HH B-O
B—O OH o HO
B—0 OH HO o) / \
s
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HN N--/' /B-0 OHOO 55

[0219] 24( 3R, 6S) - 2- hydr oxy- 3-(3-(2-net hyl - 1H benzo[ dl i m dazol - 1-

y1) pr oparsi@i2dte)021452- oxabori nan- 6-yl) aceti ¢ acid 55. 1H RERUSSD3OBISE ppm
0.92-1.00 (m 1H), 1.47-1.53 (m 1H), 1.58-1.62 (m 2H), 2.31-2.33 (d, J=7
Hz, 2H), 2.50-2.52 (t, J=4 Hz, 1H), 2.97 (s 3H), 3.08-3.20 (m 2H),
4.04-4.10 (m NI'I:-I)H 4.77-4.81 (t, J=6 Hz H) oh. 61- 7,68 (m 2H), 7.75-7.78

(d, J= 7 7Q,5(d J=7 Hg; ESI VB houhd £ orNG-ZH22BN305 i z
342. 2 0OH 56 B o
[0220]2 (( 2 6S)Hc3- 1Fot et FAZ0! - PHG1 ) et hy! ),benzoam do e Iy aroxeH 1, 2-

oxabori nan- 62 acetl c acid 56. 1H NVMR (CD30D) 6 ppm 1.10-1.21 (m 1H),
158164(mN/ , 170179(m 1H), 1.89-1.96 (m 1H), 231236(dd,

J=15 Hz, J=6 HY, ,241247(m1H) 280283(brd J=4 Hz,
411417(mN 7 % 2H) 802805(d
J=8 Hz % ESI MHSB 42.0 (M H20). 0
N 0 Bmog

21] 2- (E8RBS) - 2- hydr oxy- 3- ( 2- (pyrnd: 2. yl ) aget ani do) - 2P w bman-

1-1.32 (m 1H), 1.67-1.75 (m 2H), 2.29-2.40 (m 3H),

[02

6-yl )acetic acid 57 was bsol at eV as the TFA salt. 1H NMR (CD30D) 6 ppm

1.2

2.67-2.72 (m 1H)WN 1H), 7.70-7.73

7.62-7.66 (t, Jabi,

(d, J=8 Hz, 1H) 8 65-8.s 1H);
ESEVI S found Ny GMSH 7BN205 i ZY27%6. 17 ( ). [ 0422]IThd f 4 | owi ng
conmpounds Hm/% repared in accord?;lnc(%uov\'iil opr ocedur e QesCro MoH T he

above Exa N,_},ISI ng met hods C and E. 58 [0223]2 (( ,@,S) 3-(1-c ycI opr op
y1l-6-fl uonQ-4-9 0-K7 i perazin- 1- Nd-
di hydr oqui nol ime3- ¢arpoxani do) H2- yd 0x -1,|2- gxabori nan- ﬁmc acid

pe

58 was isol ated SsoP |$alt 61 ppm 1. 19ct oBH) ,

1 39-1.44 ,NHJ 7 Hz, 1. 56 1. 63 (dd J=14 HZ J=3 Hz, 1H), 1. 70-1. 80
(m 1H), J14H; (,'3238(dd J=15 He, g J=6 He, 1H),
2.43-2. 48 Cdd, 3 1 =7 HzN\n’l (d, Psﬁr"m 46- 3. 52
(m 4H), 3593 on.3. 7393, 79 ﬂ:pBl o8- 4. 15 ( ot 066- 7. 67
(d, J=7 Hz. @oosos(d J=13 Hz,HlH) 8.81 (s, Nk HESII\/Bfoundfor

C23H28BF H20) . g
N-N sss' M " Pﬁom HaN '\t) Homm o \

[ 0224] 2-[(3R, 68)H2-hydroxy 3 [ (2S, 3S, 5R) -nmethyl-4,4,7- trupxo 3- (1H—’

1,2,3-tri s hyb) 4k 6-
thia-1-az bnmy 0o[e3. ept ane- 2xA moxaborWGMtl c acid

d
59. 1H NMR (CD30D) % ppm°f 43 (s, 3H™ 10 49 1.%% (m 1H), 2-1. 81°'(m
3H), 2.51-2.56 dd, J=15 Hz, J=6 Hz, 62267(dd J15Hz =8 Hz,
1H)., 2.80- 2.84 (m 1H), 3.41-3.44 (di,\J=17 Hz, J=2 Hz, 1H), 3. 63 3.67
(dd. J=16 Hz, J=5 Hz, 1H), 4.37-4.44%" 1H), 4.61 (s, 1H), 4.90-4.94 (dd,
J=5 Hz, J=2 Hz, 1H), 5.16-5.19 (d, JlHHlH) 5.25-5.28 (d, J=15 Hz,
1H, 7.77 (s, 1H, 8.07 (s, 1H; ES fur G 6H22BN508S ml z 438
(MH20). NN/ 1000, B/44..".11. .90
[ 0225] 24( 3R, 6S) - 2- hydr oxy- 3- ( 3- ( 5- henyl“? 3,%- oxadi%ol - 2-
yl ) pr opananmi do) 1, 2- oxabori nand®- cetic acid 60. 1H NVR (CD30D) 6 ppm

1.10-1.21 (m .50-1.58 (dd,| J=14 Hz, J=3 Hz, 1H) 1.59-1.68 (dt, J=11
Hz, J=5 HZ° 810(brd ¢z, 1H), 2.22-2.26 (dd, J=15 Hz, J=6
He. 1H), 2. 349@9@0 Hz, Jah Hz, 1H), 2.63-2.64 (d, J=4 Hz, 1H),

3.01-3.12 (sex, J=7 Hz, .33-3.43 (sex, J=7 Hz_.2H), 4.03-4.09 (m
1H), 7.54¢7 52 (m 3H) 803805(d J=8 H, 2H) SI\/Bfoundfor
G 7H20BN3 2 356. (MH20) SFANH N- 0"/

: m' O)LOH

HO

Iz
CD
I

2 2 2
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61 [ 0226] 24( 3R, 6S) - 3-(2- (2-am nopyri di n-4-yl)acet am do) - 2- hydr oxy- 1, 2-
oxaborinan-6-yl)acetic acid 61 was isolated as the TFA salt. 1H NVR (CD30D)
6 ppm 1.86-201288145%m 1H), 1.67-1.78 (m 3H), 2.31-2.36 @dd/USI:11844487 J=6
Hz, 1H), 2.39-2.44 (dd, J=15 Hz, J=7 Hz, 1H), 2.65-2.68 (t, J=4 Hz, 1H),

4.12-4.19 1H), 6.85-6.87 (d, J=7 Hz, 1H), 6.99 (s, 1H), 7.81-7.82 (d,
J=7 Hz, 1K;pESIMS found for C1l31-118BN305 niz 290.1 (M H20). 00O0,B,
HO OOH OH [ 0227] Fol | owi ng net hod E, reaction m xture was evapor at ed
in vacuo, azeptr wi ©0h MeCN (3 X 5 ni8)Xandgpthe residue was triturated

wi th ether nL). The precipitate was fil ed i ssol ved in di oxane-wat er
m xture and frfexe dri"éd to get 2- “N’%/_

((3R) - 34(2) - 2- (¢ am not hi azol - 4-y1) - 24( 1, 5- di ;%3r_8xyo Z4°0x0- 1, 4- di hydr opyri d
i n-2-yl) nethoxyi m no)acet arti do) - 2- hydr oxy- 1, 2- oxabgQri nan- 6-yl )acetic’ acid
62 as the TFA (25 ng) salt as a ffy solid. ESII¥l g found for
Cl7H2013N509S m z 464.0 (M H20).g / [0228] SystResis of

2- ((3R) - 3+ami_no-2- hydr gxy- 1, 2- oxaboy i nans 6- ylo) aceti c aci rochl ori de 7.

An exanpl e heyi sJof 17 i3 depigeed i n Jch 10 anplie 24 heme 10

Exanple 2 S 1 O 9229 rt - but e but yl BT et Ryl'st 1 yT) oxy] -1
[

- chl or o- 6- ox@- 1- 2S ,6R)-2,9,9-tri tBﬁ§1-3 , 5-di ox a-f4gboratric yclo

[6.1.1.02, dec an-4-yll hexaneXLlI 15 nmg, 0.97 mol) in THF (5 nl)’ was
cooled to{=78C under nitrogen. A solution of LiHWOS (1 nL, 1.0 Min THF, 1
mmol, 1.0

d owWwy and the reaction ffFayk was then allowed to
warmto roomy eEatuy,g OHe it was stirred fors h.o Thewyel | dw sol uti on
was concent Nate ggé reduced pressure to give an o éﬁhe (10
m.) was adde td*tge oil, a precipitate forned. This wag=then/filtered

t hrough Celifte an'a the filtrate concentrated unpdér reduUed,Bf) essure to give
1-[bis(trinmethylsilyl)am no]-6-(tertbutoxy)-4-[(tert-but3'/*lodi nmet hyl si | y1) oxy

] -6-o0x0-1- [(2S ,6R)-2,9,9-trinmethyl-3 ,5-diox a-4- boratrig ycfo
[6.1.1.02 dec an-4-yll hexyl XLIl. Step 2 [0230] The @ur HSH

i denti cal found i Exanple 1 method D. Conmpoungn#\was/i'Sol ated as a
white po 0 ( 6 ppm

;0. 5¥3 pol, 59. 1% yield). 1H NMR

1.43-1.66 (i 1 1. '-".78(m 1H), 1.79-1.97 (m_(1HH"P 97- 2.30 (m
1H), 2.40-2. (im B, 4.34-4.54 (m 1H); ESIIV oupd for C6HL2BNO4 tn/z
174 (63% (MH). HO231] Synt hesi s of
2- ((3R) - 2- hydr oxy- 3- (2- (t fi ophen- 2-yl ) acet am do) - 1, 2-

O 2
oxabor epan-7-yl ) ac acih\d 63. An exanple synthesis of 63°IS de}‘i\cc% din
Schene 11 and Exanpl e 3..5ch¥he 11 )c)o O )BO13u + | XPvi/Gr ubb' s

Catal yst DCM ENT'axd0 o 10% Pd-C-H2 HO 0.) LOt BuEt 0A HO BBO 0---'j'' Ot Bu
XLVII1 1 (-0-Pikapedi ol THF Exanple 3 Step 1 [0232]T OaiOsoI ution of
tert-butyl hyd@oxypent -4-enoate, XLVI (674 ny, /— N
OH , NH, ,
~ 0
P 2
HG ) n””}LOH
\N \O H /B/
N / <L_ HO
NH, , OH ,
=
5/

N =

\ H B/O

a0 gl
OH /
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3.92 mol) in DCM (15 nL) was added diisopropylallyl boronate XLV(2 g, 11.76
nmmol ) via syringe. To the m xture was then added G ubbs' first generation
cat al yst woe012131458. 31 nmol, 7.5 nol % and the vessel waRETAS2YeB46851 h
argon. The reaction was heated at 65 C under nitrogen for 18h. The m xture
was concent ated under vacuum and the residue was purified by flash col um
chr omat og ap y (100% hexane->30% Et OAc/ hexane) to afford tert-butyl

2- (2- hydr -3, & di ro-kH 1, 2- oxaborinin-6- yl) tate XLVI1 (770 ng,
3.63 mmol, 92" yjeld), &répl 2 [0233] To a sol uti of(ﬁert but yo

2-(2- hydroxy¢3 Qy ro-2H 1, 2- oxaborinin-6-yl)ac VT ( }ng,

3.16 mmol) | Ethbf@ (45 nL) was added 10% P& essel
evacuat ed by appl ying vacuum and fl ushed mnth\h¥§$§éen gasB’@he reactlon
was stirred um@er hydrogen for, 2 h. The mixture was filté&fed through a
Celite padi,RRd whi ch was washed with additional EtOAc (15 ni).
Concentration \of~the filtrate gave pure tert-butyl

2- (2- hydroxy-1, ri nan-6-yl )acetate XLVIII ( ng, 3.00 nmol, 94.8%
yield). Step 3 [0284]To a solution of tert-buty

2- (2- hydroxy-1, 2- ox&DoN nans | )gcetate XLVIII ) |n THF
(20 nL) was added (1 S.25, BR 53) - H6- a[fgg}'
tri met hyl bi cycl of 3. 1. 23 diol (509 ng, 3 M@T)N
tenperature. The reacti ofl xture was stirred for 16 h Hn concentrated
under vacuum The residue Was purified by colum chromat aphy (100%
hexane- >40%EL 0Ac/ hexane) on silica géMNto gi ve t < but yl
3- hydr oxy- 6- 2R, 65,8R)-6,9, 9- trinethyl>
boratricycl o[ 6.4\1. 02' 6] decan- 4-yl | hexanoat e XUPX ?9Q ng, 2.16 gmol, 71.9%
yield). Step 4 [0235] o gyu i on of alcohol XLIX (790 my; 13)qggk% in
DMF (7.5 m) was i dée (548 ng, 8.06 nmol )o=Fs wed/ by T Cl
(580 ny, 3.87 nol) { T C?eactlon m xture was stirred atHranOtenperature
for 16 h and concenUKated under vacuum The white sIurryrmas di ssol ved in
100 nmL of Ac and washed with saturated NaHCO8 SOk tion (20 nm), wat er
(2 X 10 ﬁHdrled (Na2SO4). The organi c extract conc rated under
vacuum an ési due s purified by colum chro ogr aph
hexane- >30% Et Ac/ ex ngﬁ&qﬁ4srlrca gel to give tert-butyl
3-[(terthbutyd hyl gi"l’yl ) oxy] - 6- LN
[ (1R 2R 6S, 8R) - 959Ctr|nethy1 3, 5-di oxa-4- boratricycl oH B0
[6.1.1.02'6]decahmn yl | hexanoate L (1 g, 2.08 mmol, 96.3%¥J eld). Step 5
[0236] To a solution of DCM (0.26 nL, 4.16 mml) in THF (iﬂnLl}atO 100C was
W
t ai

To

added 2.5 M n-butyl I|th|gn1|n hexane (1 nL, 2.5 mmol) sl ¢W y\undergy

ni trogen and down %%newﬁall of the flask whi | st o@: i"g the

t enperature bel MI 900 sulting white precipit wa8 §tirred for 30
m nut es before Me adbition of L (1 g, 2.08 mmol) |
Zinc chlorid MO, 0.5 Min THF, 2.5 mml) was #hen added to the reaction
m xture at C:gnd then the reaction was all owed warmto room

t enper at ung ePe it was stirred for 16 h. The reactbon mas guenched with a

sat urat ed sol uti op—Qf ammoni um chl ori de_and the phases we eparated. The
aqueous phase \ th n extracted mnt di e hy D ether (2 x ) and the
conbi ned orgs ext were drj, over f||t an centrated

under reduced preBs@re Tﬁe*conce raﬁéd)nater enBtﬁronat aphed
(100% hexaReX>280 Et 0Ac- hexane)° ¢ﬁ1arn tertbutyI
(75)-3-Rtert-putyl di methyl silyl)oxyl-7- chloro-7-

[ (1R 2R 6%38R) -6, 9, 9-tri net hyl dioxa-4-
boratricyd 6. 1. 1. 02' 6] decan- | hept anoate LI (A , 1.40 mol, 67.2%
yield). Step 6 [0237]Chloro internmediate LI (727 ng, 1.37 mmol) in THF (7
m.) was cooled to -78C under nitrogen. A solution of 1M Li HVDS solution in
THF (1.37 nL, 1.37 mmol) was added slowy at -78C. Upon conpletion of the
addition, the reaction flask was allowed to warmto roomtenperature. After
stirring at roomtenperature for 16 h, the reaction m xture was
concentrat ed under vacuum and hexane (20 nmlL) was added. The precipitated
lithiumsalts were filtered off through a Celite pad, rinsed with

addi tional hexane and the combined filtrates were concentrated under vacuum
to give crude tertbutyl (75)-7-[bis(trinethylsilyl)am no]-3-
[(tert-butyldinmethylsilyl)oxy]-7- [(1R 2R 65,8R)-6,9,9-trinethyl-3,5 -di ox
a-4-boratricyclo [6.1.1.02' 6] dec an-4- ,yl | heptanoate LII. Step 7 [0238]To
a stirred solution of 2-thiophenacetic™acid (232 ng, 1.64 nmol) in DCM (45
m.) at OC under nitrogen was added EDCI (391 ng, 2.05 mmol) and HOBT (221
ny, 1 64 nnDI) After stirring at 0OC for 30 mnutes, a solutron of the

1 o N 1 Y L ya ~N- 1\ - AR A 7 A ™~ N s 1 69 I




[0243] To a solution of DCM (0.3 nmL, 4.68 mmol ) in THF (8 nlL) at -100C was
added 2.5 Mn-butyl lithiumin hexane (1.12 nL, 2.8 mol) slowy under

ni t rogen wotowamMsshe i nside wall of the flask whil st mRCHRitSReLO¢95he
tenperature bel ow -90C. The resulting white precipitate was stirred for 30
m nutes before the-addition of LV (1.12 g, 2.34 mml) in THF (3 nL) at -90C
and the reactionwasyal lowed to warmto roomtenperature where it was

stirred for 18 Th .,,lr/ehcti on was quenched with aturated sol ution of

ammoni um chl or 1 deBa@d the Qhases were separated. {Thg aqueous phage was then

extracted Wi\h et hyl ether (2 x 10 nL) and the Eokbi ped ni @ extracts
er Na2504, filtered and concentrated unpde Nrf@d,g&r\&‘éure.

were dried oy

The conce ated nmaterial was then chronat ographed I\(\100Hoh ane- >20%

Et OAc/ hex& to obtain tertbutyl (42 75)-3-[(tert-° g

but yl di met silyl)oxy]-7-chloro-7-[ (1R 2R, 6S, 8R)-_6, 9, 9-

trinmethyl- di oxa-4- boratricyclo[6.1.1.02"' 6] dg€ap- 4-yl ] hept -4- enoate
LVI (820 n§ : 66 5% vyield). Step 4 [02 | g o jinterngdi ate LVI
(790 ng, 1.49 ) in\THF" <A@ nmL) was cooled to -7 nder nitr A
sol uti on op—MM LiNMDS gol'ution in THF (1.5 nL, 1.5 L% sqadded sl owy
at -78C. lﬁpon co ion of the addition, the reactCcoo

i_@ k was allowed to
warmto roomtenp ture. After stiffing at roomtenperature for 16 h, the
reaction ure was concentrated under vacuum and hexane m.) was
added. The-ffecipitated IQthiumsalts were filtered offiN ou Celite
pad, rinsed W addi T\ on#-chexane and the conbi ned F<Kt ratBes wepe OH
concent rat ed/un vactilim to give crude tertbutyl =, _OHO O
(4Z,75)-7- [ s dHt | nBTHyl silyl)am no]-3- [(tert-buyyl Nireethylsilyl)oxy] -7-
[ (1R 2R, 6S ,8R)- B899, 9-trimethyl- 3, 5-di oxa-4- bor at¥i

[6.1.1.02' 6] decan- | hept-4- enoate LVII. Ste
sol ution of 2-tB\G enac IDé acid (252 ng, 1.78
under nitrog dded H (426 ngy, 2.23 mmol) a

mmol ). Aft

[0245] To a stirred
in DCM (35 nL) at OC

T (240 ng, 1.78
bissilyl

ti F'Png at C for 30 m nutes, a sol ut/on\of /t crude
LVI1 intermediate in DCM (10 niL) follﬂgﬁ‘ _
N- net hyl - nor Boline (0.32 nL, 3 mvl) were sequential Py & at /0EH Upon
conpl etion of “the addition, the reaction flask was allo to wat mto room
t enper at ug After stirring at roomtenperature o

m xt ure
resi due was

ight, the reaction
sla)ed with water, dried and concentrgt&d ugder vacuum The
urgTied by colum chronat ography (100% >25% Et 0Ac/ DCM to
afford tert- l\Il AZN75)-3-[(tert- butyl di methyl si \¥!

742- (t hi ophen- i yl%_ etam dol-7-[ (1R 2R, 6S,8R)-6,9, 9t ri 2%%

di oxa- 4- bor iclyg o[ 6. ¥ 1702' 6] decan-4-yl ] hept-4- enoateys I IO( ny,
0.95 mmol, 63.7%yield for 2 steps). Step 6 [0246] A solution of am de LVII |
(100 ng, 0.15 nmmol) in anisole (5 nlL) at O0C was treatedyifh
aq trifluoroacetic/achNd (10 nmL). The reaction m xture
tenperature and /st r or 16 h. The m xture was ey,
azeotroped w \ ). The residue was g
and et her .~ The agueous phase was separ at ed ashed with ether (2 X
5 nL) and eze dried to give fluffy solid OH

2- ((3R) - 2- hydr oxy- 3- (2- (t hi ophen- 2- ’

cated in water (10 mL)

yl)acetam dqQ) -2, 3, 4, 7-t et rahydr o- 1, 2- oxabor epi n- 7- 7T Yacetic acid 64 (15 nmg,
0.05 mol 32. 3% yield). 1H NMR (CD30D) 6 ppm 2.2352{35 Om 2H), 2.40-2.61
(m 2H), 37%6-283 (m 1H), 3.96-4.03 (m 1H), 4.10 (3742H, 34-5.40 (m

1 H, 5.53-5,7K (m , 6.97- 7.08 (m 2H), 7.32-7.89 {Hn=—dH); | M5 found
for G 3I-1168 z (M H20) . [0247] Synt@esis -t hy—0

2- (( 3R, 6S) - 2{hydr oxy-8- ( 2€0hi ophen- 2- HO o H

yl )acet am dd - 1, 2HOxabor®nan- 6-yl ) acet ate 65. An examnpt@Hsynthesis of 65 is
depicted in Scl¥he 13 and Exapple 5. WO 2012/ 0214550Schene 13 ,

PCT/ US2011/ 046957 565 Exanple 5 Step 1 [0248] To a solution of 5 (400
ng, 1.35 nmmol) in 4 nL of absolute ethanol was added anhydrous 1M HCl in
EtOAc (4 nL, 4 mmol). The reaction was stirred at roomtenperature for 16
h. The m xture was then concentrated and azeotroped with acetonitrile (3 X
10 m.) to give a sticky solid. Ether (10 nL) was added to the azeotroped
sticky solid and the resulting precipitate was filtered. The filtered solid
was rinsed wth additional ether (5 nL) and dried to give ethyl
2-((3R,68)-2-hydroxy-3-(2-(thiophen-2-__2 )
yI)acetanido)-l,Z-oxaborinan-6-y|)aceta9e 65 (300 ng, 0.92 mmol, 68.5%
yield). 1H NWR (CD30D) 6 ppm 0.98-1.09 (g, J=14 Hz, 1H), 1.23-1.26 (t, J
Hz, 3H), 1.49-1.54 (dd, J=14 Hz, J=3 Hz, 1H), 1.57-1.64 (dt, J=11 Hz, J=

-—r~ oA —~ 1.1 - a A a1 "~ I~ A P P - ~ - '

=7
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2,3,4,7-tetrahydro-1, 2- oxaborepin-7-yl)acetic acid 68. An exanpl e synthesis
of 68 is depicted in Schene 15 and Exanple 7. WD 2012/021455 Schene 15
PCT/ US20 MOQ4BABT455 XLVLXI LXI'1 68 Exanple 7 Step 1PCroB2ejiPts@pared
starting fromenantionerically pure (S)-tert-butyl 3- hydroxypent-4-enoate
[J. Med. Chem, (2010), 53, 4654-4667] in accordan wi th the procedure
described in thesabove Step 1 of Exanple 3 Steps [ 0255] Prepared in
accordance with the procedure described in the abévd Steps 1-6 of Exanple
4. [0256]Wiite ffy solid (45 ng, 0.146 nmol, 39% yi : NMR ( CD30D)
6ppm2.15-2.18$\12 ,/27\29-2.38 (m 2H), 2.66-2.Wé (HN=2H) , 88-3.91

H)
(m 1H 4.w— HHN=5¢24-57 (m 1 H), 5.57-5.63 1H)B-. 96 (m
2H), 7.24-7 (m 1H); ESPI V& ®dund for C 3Hi GBNOE%:MZ—QQZ (

8

H20) .
[0257] Synt isi s of 24(13R 65) -B- (benzyl oxycar bonyl ani AoPH2- hydr oxy- 1, 2-
oxaborinan-6-yl)acetic acid 69. An exanplinNynthesis of 69 is depicted in
Schene 16 and Exanple 8. Exanple 8 Step 1 | gS]A solution of bis-silyl
am de XLI (0.2 ) in DCM (5 nL) was cool ed to, _0Crand benzyl
chloroformate (0.p56 mL, 0.4 mmol ) was added. Then{ tlhe cooling bath was
renoved and t hé&—spl ud on stirred at anbi ent terrpera%ur for 16 h. The
reacti on was quen i wat er and extracted tw ce w
organic | rs Omd\ e washed with water, bri€®e,
concentrated—n vacuo togafforg-@ipal e yellow oil as crilide g .OHrhe
resi due was chromat ogrigghed a silica colum (100% DCM#0% Etd)Ac/ DCM to
afford cafpgmate LXI || mg, 0.143 mmol, 71.5%yield). Step 2 [0259] A
sol ution of ‘ca—r\k{aj@e Il (70 ng, 0.11 nmol) in anisole (5 nL) at O0C was
treated with pre-cog % aq trifluoroacetic acid (10 nlL). The reaction
m xture was warnmed to roomytenperature and stirred for 16 h. The m xture
was evaporated in vacuo, eot ed with MeCN (3 X ¥9Y) . PThe resi due was
sonicated in water (10 rﬁ) Hrrd et (10 m.). The aqyeQusyplas S
separated, washed with et hel (B~ 5 ptPHand freeze d/r(ié to giaye H—om

2- ((3R, 6S) - 3- (benzyl oxycar bor§l ami n@) - 2- hydr oxy- 1 2L $xabomicnan- 8-yl ) aceti c
acid 69 as anMN uffy solid (10 ng, 0.033 mol, 29.6%yield). ESIM found for
C14H18BNO65 tr 289.9 (M H20). [0260] The foll owi ng compound is prepared

in accordijce W h,the pr ocedup@%{iﬁ?;r;_t\(% in the above Exanple 8. B- OCH
N N

HOO 70 o V. o P
[ 0261] 24( 3R, 65Y - M&(ise ut o¥ygar thopy! am no) - 1, 2- oxabor i nan- 6-
yl)acetic acid 70"as %a of f *white solid ( g}%\ﬁ.ms nmmol, 27%vyield). 1H
NVR (CD30D) 6 ppm 0.95 (d, J=7 Hz, 6H), 1°63-176%(m 1H), 1.70-1.75 (m

2H), 1.87-1.90 (m 2H), 2.42-2.60 (m 3H), 3.77-3.86 (m 2H), 4.35-4.38 (m
1H); ESIMB f for G iH2013NO6S nfz 256 (M H20)#

[ 0262] Synt hesi-gof 2( (3R._65) -@- hydr oxy- 3- (phenyl sud -1,2-0
oxabori nan- 6-yl tﬁd oHAn exanpl e synt hesi i S\de ed in
Scheme 17 apg- 9. /Sthenme 17 g, 0=S 9Q%s ni sgl'”
H /B/O H /B/O
HO , HO ,
=
~ /
s o S S P
/
HOH / r(\)'”)\\OH HOHZC HN
2C H B0 B-O OH
HO , HO 0 ,
Z 7
S o) s 0
/ y/
HOOC HN HO-N  HN
B-O OH B-O OH
Hd @) and Hd @) or a

2

pharmaceutically acceptable salt thereof.
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71 Exanple 9 Step 1-2 [0263]Prepared in accordance with the procedure
described in the above Steps 1-2 of Exanple 8. [0264] O f-white solid (30
ng, 0.096womn12/0246% yi el d). 1H NVR (CD30D) 6 ppm 1.57- 1pr83/USs@niogsdsof m 4
H, 2.49-2.71 (series of m 3H), 4.35-4.89 (m 1H), 7.51- 7.59 (m 3H),

7.85-7.89 (m - ESI for Cutlr BNO65 m z 296. 1 H20) .

[0265] Synt hesf@)@ %&“Re@gﬁ‘)dﬁn Hr! 939 3-CEHSHE |SE|1F‘étFﬁo§‘/‘l’111, %%e group
oxabor i nagsfiyih @getl c acid 72. An exanple synthesis of 72 is depicted in
Scheme 18 and anple 10. WD 2012/021455 Schene 18 PCT/ US2011/ 046957

Exanpl e 10 Stes\1 [0266] To 3, C]o Thon of bis-silyl amde XLI (0.2 mmol) in
DCM (5 rrL)*oZ&t was added a 56 wifpn gf TFA in hexaorze ( 6 mol). The

reacti on waw,St iNed OC for vg@ m ef,ene adding p cayanate

(0.04 nL, 0.4 mmoky—¢ olfrewed by N, Ndi iH8 et hyPam ne“m

The cool ing bath waﬁ)"‘f‘he *Bnoved and thbé 8ol 4tP'dn was stiyfed %nbr ent
16

tenperature for The reaction was quenched Wt h wat er and extract ed
twice with Et OAc. The organic | ayers were conbi ned, washed wt at er,
brine, dried (Na2504) and concentrated in vacuo to afford a pa el l ow oi l
as crude product The resi due was chromat ographed on a silica—¢olum (100%

DCM >25% Et ade/ to afford theopure urea (50 ng, 0. 08N 40. 7%
yield). Step Deprotectlon formed foll ow t peo pr geeidur e
descri bed"3ove t of eX’Q ey e O HO o

2- ((3R, 6S) - 2- hydrquy- -phenyl ur ei do), 451 2- xgbori naned-yl )acetic acid 72
as a white solid (20 ng, 0.0868 mmol , 86% yield).” 1H NVR (CD30D) 6 ppm
124131(m 1H) do.64 2H) 178181(m 1H) 6 0 (dd, J=15
He, 58 (d 13 bz, =7 te, ﬁhiggﬁsz
407412 1 ‘°7 7.34-7. 37 f undfor
Ci 3H 7BN2 5\n1 375 1 (MHZO) I I | ustr t| veounds of Formula (1)
are shown Table 1. Some str ureeo Sr defl ned confi gurations

be limting and all possible stereoisoners of the shown strictureg are to
be considered enconpassed hereip, Corrp nds of any absgl wﬁl ve
confi gurat/r\o the stereocentegr Il as mxturess% nt yoners and
di ast er eols off a iven st ruced al so enconp gBe ein.

2012/ 021455P / S 1‘(/%&@@57 TABLEF1 ) é/w:ture arrpl e Structure
1 2 11 oH B o0 : :

HO OH
: O Z //o
N 0=$§

o} (o}
m B—0 OH B—O OH
O _B. /
HO” O OH,

HO o , HO 0

at sel ect ed stereocenters but the shown stereochem strr esgare not meant to

Q 0 HN 0
HN—{ B-O OH 0—<
/
HN o0 HO 0 HN
B0 on [\ B—0 OH
HO (o) , S , and HO (0]

or a pharmaceutically acceptable salt thereof.
Definitions

[0073] Terms and substituents are given their ordinary meaning unless defined

otherwise, and may be defined when introduced and retain their definitions throughout
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unless otherwise specified, and retain their definitions whether alone or as part of another
group unless otherwise specified.

[0074] As used herein, "alkyl" means a branched, or straight chain saturated
chemical group containing only carbon and hydrogen, such as methyl, isopropyl, isobutyl,
sec-butyl and pentyl. In various embodiments, alkyl groups can either be unsubstituted or
substituted with one or more substituents, e.g., halogen, hydroxyl, substituted hydroxyl,
acyloxy, amino, substituted amino, amido, cyano, nitro, guanidino, amidino, mercapto,
substituted mercapto, carboxy, sulfonyloxy, carbonyl, benzyloxy, aryl, heteroaryl,
carbocyclyl, heterocyclyl, or other functionality that may be suitably blocked with a
protecting group. Typically, alkyl groups will comprise 1 to 20 carbon atoms, 1 to 9
carbon atoms, preferably 1 to 6, and more preferably 1 to 5 carbon atoms.

[0075] As used herein, “alkenyl” means a straight or branched chain chemical
group containing only carbon and hydrogen and containing at least one carbon-carbon
double bond, such as 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl,
and the like. In various embodiments, alkenyls can either be unsubstituted or substituted
with one or more substituents, e.g., halogen, hydroxyl, substituted hydroxyl, acyloxy,
amino, substituted amino, amido, cyano, nitro, guanidino, amidino, mercapto, substituted
mercapto, carboxy, sulfonyloxy, carbonyl, benzyloxy, aryl, heteroaryl, carbocyclyl,
heterocyclyl, or other functionality that may be suitably blocked with a protecting group.
Typically, alkenyl groups will comprise 2 to 20 carbon atoms, 2 to 9 carbon atoms,
preferably 2 to 6, and more preferably 2 to 5 carbon atoms.

[0076] As used herein, “alkynyl” means a straight or branched chain chemical
group containing only carbon and hydrogen and containing at least one carbon-carbon
triple bond, such as 1-propynyl, 1-butynyl, 2-butynyl, and the like. In various
embodiments, alkynyls can either be unsubstituted or substituted with one or more
substituents, e.g., halogen, hydroxyl, substituted hydroxyl, acyloxy, amino, substituted
amino, amido, cyano, nitro, guanidino, amidino, mercapto, substituted mercapto, carboxy,
sulfonyloxy, carbonyl, benzyloxy, aryl, heteroaryl, carbocyclyl, heterocyclyl, or other
functionality that may be suitably blocked with a protecting group. Typically, alkynyl
groups will comprise 2 to 20 carbon atoms, 2 to 9 carbon atoms, preferably 2 to 6, and
more preferably 2 to 5 carbon atoms.

[0077] As used herein, “carbocyclyl” means a non-aromatic cyclic ring system
containing only carbon atoms in the ring system backbone, such as cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, and cyclohexenyl. Carbocyclyls may include
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multiple fused rings. Carbocyclyls may have any degree of saturation provided that at
least one ring in the ring system is not aromatic. In various embodiments, carbocyclyl
groups can either be unsubstituted or substituted with one or more substituents, e.g.,
halogen, alkoxy, acyloxy, amino, amido, cyano, nitro, hydroxyl, mercapto, carboxy,
carbonyl, benzyloxy, aryl, heteroaryl, or other functionality that may be suitably blocked
with a protecting group. Typically, carbocyclyl groups will comprise 3 to 10 carbon
atoms, preferably 3 to 6.

[0078] As used herein, “cycloalkyl” means a fully saturated carbocyclyl ring
system. Examples include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

[0079] As used herein, “cycloalkenyl” means a carbocyclyl ring system
having at least one double bond. An example is cyclohexenyl.

[0080] As used herein, “lower alkyl” means a subset of alkyl, and thus is a
hydrocarbon substituent, which is linear, or branched. Preferred lower alkyls are of 1 to
about 4 carbons, and may be branched or linear. Examples of lower alkyl include butyl,
propyl, isopropyl, ethyl, and methyl. Likewise, radicals using the terminology “lower”
refer to radicals preferably with 1 to about 4 carbons in the alkyl portion of the radical.

[0081] As used herein, “aryl” means an aromatic radical having a single-ring
(e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl) with only carbon
atoms present in the ring backbone. In various embodiments, aryl groups can either be
unsubstituted or substituted with one or more substituents, e.g., amino, cyano, hydroxyl,
lower alkyl, haloalkyl, alkoxy, nitro, halo, mercapto, carboxy, carbonyl, benzyloxy, aryl,
heteroaryl, and other substituents. Some embodiments include substitution with an alkoxy
group, which may be further substituted with one or more substituents, e.g., amino,
cyano, hydroxyl, lower alkyl, haloalkyl, alkoxy, nitro, halo, mercapto, and other
substituents. A preferred aryl is phenyl.

[0082] As used herein, the term “heteroaryl” means an aromatic radical
having one or more heteroatom(s) (e.g., N, O, or S) in the ring backbone and may include
a single ring (e.g., pyridine) or multiple condensed rings (e.g., quinoline). In various
embodiments, heteroaryl groups can either be unsubstituted or substituted with one or
more substituents, e.g., amino, cyano, hydroxyl, lower alkyl, haloalkyl, alkoxy, nitro,
halo, mercapto, carboxy, carbonyl, benzyloxy, aryl, heteroaryl, and other substituents.
Examples of heteroaryl include thienyl, pyrridyl, furyl, oxazolyl, oxadiazolyl, pyrollyl,
imidazolyl, triazolyl, thiodiazolyl, pyrazolyl, isoxazolyl, thiadiazolyl, pyranyl, pyrazinyl,

pyrimidinyl, pyridazinyl, triazinyl, thiazolyl, quinolinyl, quinazolinyl and others.
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[0083] In these definitions it is contemplated that substitution on the aryl and
heteroaryl rings is within the scope of certain embodiments. Where substitution occurs,
the radical is called substituted aryl or substituted heteroaryl. Preferably one to three and
more preferably one or two substituents occur on the aryl ring. Though many substituents
will be useful, preferred substituents include those commonly found in aryl compounds,
such as alkyl, cycloalkyl, hydroxy, alkoxy, cyano, halo, haloalkyl, mercapto and the like.

[0084] As used herein, “amide” or “amido” includes both RNR’CO- (in the
case of R = alkyl, alkaminocarbonyl-) and RCONR’- (in the case of R = alkyl, alkyl
carbonylamino-). “Amide” or “amido” includes a H-CON-, alkyl-CON-, carbocyclyl-
CON-, aryl-CON-, heteroaryl-CON- or heterocyclyl-CON- group, wherein the alkyl,
carbocyclyl, aryl or heterocyclyl group is as herein described.

[0085] As used herein, the term “‘ester’” includes both ROCO- (in the case of R
= alkyl, alkoxycarbonyl-) and RCOO- (in the case of R = alkyl, alkylcarbonyloxy-).

[0086] As used herein, "acyl" means an H-CO-, alkyl-CO-, carbocyclyl-CO-,
aryl-CO-, heteroaryl-CO- or heterocyclyl-CO- group wherein the alkyl, carbocyclyl, aryl
or heterocyclyl group is as herein described. Preferred acyls contain a lower alkyl.
Exemplary alkyl acyl groups include formyl, acetyl, propanoyl, 2-methylpropanoyl,
t-butylacetyl, butanoyl and palmitoyl.

[0087] As used herein, "halo or halide” is a chloro, bromo, fluoro or iodo
atom radical. Chloro and fluoro are preferred halides. The term “halo” also contemplates
terms sometimes referred to as "halogen", or "halide".

[0088] As used herein, “heterocyclyl” means a non-aromatic cyclic ring
system comprising at least one heteroatom in the ring system backbone. Heterocyclyls
may include multiple fused rings. Heterocyclyls may have any degree of saturation
provided that at least one ring in the ring system is not aromatic. The heteroatom(s) may
be present in either a non-aromatic or aromatic ring in the ring system. In various
embodiments, heterocyclyls may be substituted or unsubstituted with one or more
substituents, e.g., halogen, alkoxy, acyloxy, amino, amido, cyano, nitro, hydroxyl,
mercapto, carboxy, carbonyl, benzyloxy, aryl, heteroaryl, and other substituents, and are
attached to other groups via any available valence, preferably any available carbon or
nitrogen. Preferred heterocycles are of 5-7 members. In six membered monocyclic
heterocycles, the heteroatom(s) are selected from one up to three of O, N or S, and when
the heterocycle is five membered, preferably it has one or two heteroatoms selected from

O, N, or S. Examples of heterocyclyl include pyrrolidinyl, piperidinyl, azepanyl,

8-



13 p 14 H2ZN/OMe NO \ 0 OH H2N-/B-0CH HO H/B-0 HO 15 11

OH 16 4. B-O HO 0 OH O HHN NB-O0 HO O HN
WO 2012/021455 PCT/US2011/046957
tetrahydrofuranyl, tetrahydropyranyl, oxepanyl, tetrahydrothiophenyl,

tetrahydrothiopyranyl, thiepanyl, indolinyl and dihydrobenzofuranyl.

[0089] As used herein, “substituted amino” means an amino radical which is
substituted by one or two alkyl, cycloalkyl, aryl, heteroaryl or heterocyclyl groups,
wherein the alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl are defined as above.

[0090] As used herein, “substituted hydroxyl” means RO- group wherein R is
an alkyl, an aryl, heteroaryl, cycloalkyl or a heterocyclyl group, wherein the alkyl,
cycloalkyl, aryl, heteroaryl or heterocyclyl are defined as above.

[0091] As used herein, “substituted thiol” means RS- group wherein R is an
alkyl, an aryl, heteroaryl, cycloalkyl or a heterocyclyl group, wherein the alkyl,
cycloalkyl, aryl, heteroaryl or heterocyclyl are defined as above.

[0092] As used herein, “sulfonyl” means an alkylSO,, arylSO,, heteroarylSO,,
carbocyclylSO,, or heterocyclyl-SO, group wherein the alkyl, carbocyclyl, aryl,
heteroaryl or heterocyclyl are defined as above.

[0093] As used herein, “sulfamido" means an alkyl-N-S(O),N-,
aryl-NS(O):N-, heteroaryl-NS(O),N-, carbocyclyl-NS(O),N or heterocyclyl-NS(O),N-
group wherein the alkyl, carbocyclyl, aryl, heteroaryl or heterocyclyl group is as herein
described.

[0094] As used herein, "sulfonamido" means an alkyl-S(O),N-, aryl-S(O),N-,
heteroaryl-S(O):N-, carbocyclyl-S(O),N- or heterocyclyl-S(O),N- group wherein the
alkyl, carbocyclyl, aryl, heteroaryl or heterocyclyl group is as herein described.

[0095] As used herein, "ureido" means an alkyl-NCON-, aryl-NCON-,
heteroaryl-NCON- , carbocyclyl-NCON-, heterocyclyl-NCON- group or heterocyclyl-
CON- group wherein the heterocyclyl group is attached by a ring nitrogen, and wherein
the alkyl, carbocyclyl, aryl, heteroaryl or heterocyclyl group is as herein described.

[0096] As used herein, "guanidino” means an alkyl-NC(=NR’)N-,
aryl-NC(=NR’)N-, heteroaryl-NC(=NR’)N-, carbocyclyl-NC(=NR’)N- or heterocyclyl-
NC(=NR’)N- group wherein R’ is an H, substituted or unsubstituted hydroxyl, CN, alkyl,
aryl, heteroaryl or a heterocyclyl group, wherein the alkyl, carbocyclyl, aryl, heteroaryl or
heterocyclyl group is as herein described.

[0097] As used herein, a substituted group is derived from the unsubstituted
parent group in which there has been an exchange of one or more hydrogen atoms for
another atom or group. When substituted, the substituent group(s) is (are) substituted

with one or more substituent(s) individually and independently selected from C;-Cg alkyl,
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C;-Cs alkenyl, C;-C¢ alkynyl, C5-C; carbocycle (optionally substituted with halo, alkyl,
alkoxy, carboxyl, haloalkyl, CN, —SO,-alkyl, —CF3, and —OCF;), C,-C¢ heteroalkyl, 5-7
membered heterocyclyl (e.g., tetrahydrofuryl) (optionally substituted with halo, alkyl,
alkoxy, carboxyl, CN, —SOs-alkyl, —CF3, and —OCF3), aryl (optionally substituted with
halo, alkyl, aryl optionally substituted with C;-Cs alkyl, arylalkyl, alkoxy, carboxyl, CN,
—S50;-alkyl, —CF3, and —OCF3), arylalkyl (optionally substituted with halo, alkyl, alkoxy,
aryl, carboxyl, CN, —SO»-alkyl, —-CF3, and —OCF3), heteroaryl (optionally substituted with
halo, alkyl, alkoxy, aryl, aralkyl, carboxyl, CN, —SO;-alkyl, —CF;, and —OCF3),
heteroarylalkyl (optionally substituted with halo, alkyl, alkoxy, aryl, carboxyl, CN, —SO-
alkyl, —CF;, and —OCF3), halo (e.g., chloro, bromo, iodo and fluoro), cyano, hydroxy, C;-
Cs alkoxy, C;-Cs alkoxyalkyl (i.e., ether), aryloxy, sulfhydryl (mercapto), halo(C;-
Ce)alkyl (e.g., —CF3), C;-Cs alkylthio, arylthio, amino (-NH>), mono- and di-(C;-Ce)alkyl
amino, quaternary ammonium salts, amino(C;-Ce)alkoxy (e.g, -O(CH,)sNH,), amino(C;-
Ce)alkoxyalkyl (e.g., -CH,O(CH,);NH,), hydroxy(C;-C¢)alkylamino, amino(C;-
Ce)alkylthio (e.g, -S(CH»),NH,), cyanoamino, nitro, carbamyl, oxo (=0O), carboxy,
glycolyl, glycyl, hydrazino, guanidinyl, sulfamyl, sulfonyl, sulfinyl, thiocarbonyl,
thiocarboxy, C-amide, N-amide, N-carbamate, O-carbamate, and urea. Wherever a group
is described as “optionally substituted” that group can be substituted with the above
substituents.

[0098] In some embodiments, substituted group(s) is (are) substituted with
one or more substituent(s) individually and independently selected from C;-C¢ alkyl, Cs-
C; carbocycle, amino (-NH,), amino(C,-Cg)alkoxy, carboxyl, oxo (=0), C;-Cs alkylthio,
amino(C;-Ce¢)alkylthio, guanidinyl, aryl, 5-7 membered heterocyclyl, heteroarylalkyl,
hydroxy, halo, amino(C;-Cs)alkoxy, and amino(C;-Ce)alkoxyalkyl.

[0099] In some embodiments, substituted group(s) is (are) substituted with
one or more substituent(s) individually and independently selected from C;-C¢ alkyl,
amino (-NH;), amino(C,;-Cs)alkoxy, carboxyl, oxo (=0), C;-Cs alkylthio, amino(C;-
Ce)alkylthio, guanidinyl, hydroxy, halo, amino(C;-Cs)alkoxy, and amino(C;-
Ce)alkoxyalkyl.

[0100] In some embodiments, substituted group(s) is (are) substituted with
one or more substituent(s) individually and independently selected from C;-C¢ alkyl,
amino (-NH,), carboxyl, oxo (=0), guanidinyl, hydroxy, and halo.

[0101] It is to be understood that certain radical naming conventions can

include either a mono-radical or a di-radical, depending on the context. For example,
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where a substituent requires two points of attachment to the rest of the molecule, it is
understood that the substituent is a di-radical. For example, a substituent identified as
alkyl that requires two points of attachment includes di-radicals such as —CH,—, —
CH,CH,—, -CH,CH(CH3)CH,—, and the like. Other radical naming conventions clearly
indicate that the radical is a di-radical. For example, as used herein, “alkylene” means a
branched, or straight chain saturated di-radical chemical group containing only carbon
and hydrogen, such as methylene, isopropylene, isobutylene, sec-butylene, and pentylene,
that is attached to the rest of the molecule via two points of attachment. As used herein,
“alkenylene” means a straight or branched chain di-radical chemical group containing
only carbon and hydrogen and containing at least one carbon-carbon double bond, such as
1-propenylene, 2-propenylene, 2-methyl-1-propenylene, 1-butenylene, and 2-butenylene,
that is attached to the rest of the molecule via two points of attachment.

[0102] As used herein, "isosteres” of a chemical group are other chemical
groups that exhibit the same or similar properties. For example, tetrazole is an isostere of
carboxylic acid because it mimics the properties of carboxylic acid even though they both
have very different molecular formulae. Tetrazole is one of many possible isosteric
replacements for carboxylic acid. Other carboxylic acid isosteres contemplated include -
SO;H, -SOHNR’, -PO,(R’),, -PO3(R”),, -CONHNHSO,R’, -COHNSOR’, and -
CONRQCN, where R’ is as defined above. In addition, carboxylic acid isosteres can
include 5-7 membered carbocycles or heterocycles containing any combination of CHo,
O, S, or N in any chemically stable oxidation state, where any of the atoms of said ring
structure are optionally substituted in one or more positions. The following structures are
non-limiting examples of carbocyclic and heterocyclic isosteres contemplated. The atoms
of said ring structure may be optionally substituted at one or more positions with R’ as

defined above.
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[0103] It is also contemplated that when chemical substituents are added to a
carboxylic isostere, the compound retains the properties of a carboxylic isostere. It is
contemplated that when a carboxylic isostere is optionally substituted with one or more
moieties selected from R” as defined above, then the substitution and substitution position
is selected such that it does not eliminate the carboxylic acid isosteric properties of the
compound. Similarly, it is also contemplated that the placement of one or more R’
substituents upon a carbocyclic or heterocyclic carboxylic acid isostere is not a
substitution at one or more atom(s) that maintain(s) or is/are integral to the carboxylic
acid isosteric properties of the compound, if such substituent(s) would destroy the
carboxylic acid isosteric properties of the compound.

[0104] Other carboxylic acid isosteres not specifically exemplified in this
specification are also contemplated.

[0105] The skilled artisan will recognize that some structures described herein
may be resonance forms or tautomers of compounds that may be fairly represented by
other chemical structures, even when Kkinetically; the artisan recognizes that such
structures are only a very small portion of a sample of such compound(s). Such
compounds are considered within the scope of the structures depicted, though such
resonance forms or tautomers are not represented herein.

[0106] In some embodiments, due to the facile exchange of boron esters, the
compounds described herein may convert to or exist in equilibrium with alternate forms.
Accordingly, in some embodiments, the compounds described herein may exist in
combination with one or more of these forms. For example, Compound S may exist in
combination with one or more open-chain form (5a), dimeric form (Sb), cyclic dimeric

form (5c¢), trimeric form (5d), cyclic trimeric form (5e), and the like.
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[0107] The compounds provided herein may encompass various
stereochemical forms. The compounds also encompasses diastereomers as well as optical
isomers, e.g. mixtures of enantiomers including racemic mixtures, as well as individual
enantiomers and diastereomers, which arise as a consequence of structural asymmetry in
certain compounds. Separation of the individual isomers or selective synthesis of the
individual isomers is accomplished by application of various methods which are well
known to practitioners in the art.

[0108] The term “agent” or “test agent” includes any substance, molecule,
element, compound, entity, or a combination thereof. It includes, but is not limited to,
e.g., protein, polypeptide, peptide or mimetic, small organic molecule, polysaccharide,
polynucleotide, and the like. It can be a natural product, a synthetic compound, or a
chemical compound, or a combination of two or more substances. Unless otherwise
specified, the terms ‘“‘agent”, ‘“‘substance”, and “compound” are used interchangeably
herein.

[0109] The term “analog” is used herein to refer to a molecule that structurally
resembles a reference molecule but which has been modified in a targeted and controlled
manner, by replacing a specific substituent of the reference molecule with an alternate
substituent. Compared to the reference molecule, an analog would be expected, by one

skilled in the art, to exhibit the same, similar, or improved utility. Synthesis and
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screening of analogs, to identify variants of known compounds having improved
characteristics (such as higher binding affinity for a target molecule) is an approach that is
well known in pharmaceutical chemistry.

[0110] The term “mammal” is used in its usual biological sense. Thus, it
specifically includes humans, cattle, horses, dogs, cats, rats and mice but also includes
many other species.

[0111] The term “microbial infection” refers to the invasion of the host
organism, whether the organism is a vertebrate, invertebrate, fish, plant, bird, or mammal,
by pathogenic microbes. This includes the excessive growth of microbes that are
normally present in or on the body of a mammal or other organism. More generally, a
microbial infection can be any situation in which the presence of a microbial
population(s) is damaging to a host mammal. Thus, a mammal is “suffering” from a
microbial infection when excessive numbers of a microbial population are present in or
on a mammal’s body, or when the effects of the presence of a microbial population(s) is
damaging the cells or other tissue of a mammal. Specifically, this description applies to a
bacterial infection. Note that the compounds of preferred embodiments are also useful in
treating microbial growth or contamination of cell cultures or other media, or inanimate
surfaces or objects, and nothing herein should limit the preferred embodiments only to
treatment of higher organisms, except when explicitly so specified in the claims.

[0112] The term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents and the like.
The use of such media and agents for pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated. Supplementary active
ingredients can also be incorporated into the compositions. In addition, various adjuvants
such as are commonly used in the art may be included. These and other such compounds
are described in the literature, e.g., in the Merck Index, Merck & Company, Rahway, NJ.
Considerations for the inclusion of various components in pharmaceutical compositions
are described, e.g., in Gilman et al. (Eds.) (1990); Goodman and Gilman’s: The
Pharmacological Basis of Therapeutics, 8th Ed., Pergamon Press.

[0113] The term “pharmaceutically acceptable salt” refers to salts that retain
the biological effectiveness and properties of the compounds of the preferred

embodiments and, which are not biologically or otherwise undesirable. In many cases,
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salts by virtue of the presence of amino and/or carboxyl groups or groups similar thereto.
Pharmaceutically acceptable acid addition salts can be formed with inorganic acids and
organic acids. Inorganic acids from which salts can be derived include, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the
like. Organic acids from which salts can be derived include, for example, acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid,
succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic
acid, and the like. Pharmaceutically acceptable base addition salts can be formed with
inorganic and organic bases. Inorganic bases from which salts can be derived include, for
example, sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc,
copper, manganese, aluminum, and the like; particularly preferred are the ammonium,
potassium, sodium, calcium and magnesium salts. Organic bases from which salts can be
derived include, for example, primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines, basic ion exchange
resins, and the like, specifically such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, and ethanolamine. Many such salts are known in the art, as
described in WO 87/05297, Johnston et al., published September 11, 1987 (incorporated
by reference herein in its entirety).

[0114] “Solvate” refers to the compound formed by the interaction of a
solvent and an EPI, a metabolite, or salt thereof. Suitable solvates are pharmaceutically
acceptable solvates including hydrates.

[0115] “Subject” as used herein, means a human or a non-human mammal,
e.g., a dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human primate or a
bird, e.g., a chicken, as well as any other vertebrate or invertebrate.

[0116] A therapeutic effect relieves, to some extent, one or more of the
symptoms of the infection, and includes curing an infection. “Curing” means that the
symptoms of active infection are eliminated, including the elimination of excessive
members of viable microbe of those involved in the infection. However, certain long-
term or permanent effects of the infection may exist even after a cure is obtained (such as
extensive tissue damage).

[0117] “Treat,” “treatment,” or ‘“treating,” as wused herein refers to

administering a pharmaceutical composition for prophylactic and/or therapeutic purposes.
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who is susceptible to, or otherwise at risk of, a particular infection, whereby the treatment
reduces the likelihood that the patient will develop an infection. The term “therapeutic
treatment” refers to administering treatment to a patient already suffering from an

infection.

Administration and Pharmaceutical Compositions

[0118] Some embodiments include pharmaceutical compositions comprising:
(a) a safe and therapeutically effective amount of the cyclic boronic acid ester derivative,
or its corresponding enantiomer, diastereoisomer or tautomer, or pharmaceutically
acceptable salt; and (b) a pharmaceutically acceptable carrier.

[0119] The cyclic boronic acid ester derivatives are administered at a
therapeutically effective dosage, e.g., a dosage sufficient to provide treatment for the
disease states previously described. While human dosage levels have yet to be optimized
for the compounds of the preferred embodiments, generally, a daily dose for most of the
cyclic boronic acid ester derivatives described herein is from about 0.25 mg/kg to about
120 mg/kg or more of body weight, from about 0.5 mg/kg or less to about 70 mg/kg, from
about 1.0 mg/kg to about 50 mg/kg of body weight, or from about 1.5 mg/kg to about 10
mg/kg of body weight. Thus, for administration to a 70 kg person, the dosage range
would be from about 17 mg per day to about 8000 mg per day, from about 35 mg per day
or less to about 7000 mg per day or more, from about 70 mg per day to about 6000 mg
per day, from about 100 mg per day to about 5000 mg per day, or from about 200 mg to
about 3000 mg per day. The amount of active compound administered will, of course, be
dependent on the subject and disease state being treated, the severity of the affliction, the
manner and schedule of administration and the judgment of the prescribing physician.

[0120] Administration of the compounds disclosed herein or the
pharmaceutically acceptable salts thereof can be via any of the accepted modes of
administration for agents that serve similar utilities including, but not limited to, orally,
subcutaneously, intravenously, intranasally, topically, transdermally, intraperitoneally,
intramuscularly, intrapulmonarilly, vaginally, rectally, or intraocularly. Oral and
parenteral administrations are customary in treating the indications that are the subject of
the preferred embodiments.

[0121] The compounds useful as described above can be formulated into

pharmaceutical compositions for use in treatment of these conditions. Standard
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pharmaceutical formulation techniques are used, such as those disclosed in Remington's
The Science and Practice of Pharmacy, 21st Ed., Lippincott Williams & Wilkins (2005),
incorporated by reference in its entirety.

[0122] In addition to the selected compound useful as described above, come
embodiments include compositions containing a pharmaceutically-acceptable carrier. The
term "pharmaceutically-acceptable carrier", as used herein, means one or more
compatible solid or liquid filler diluents or encapsulating substances, which are suitable
for administration to a mammal. The term "compatible"”, as used herein, means that the
components of the composition are capable of being commingled with the subject
compound, and with each other, in a manner such that there is no interaction, which
would substantially reduce the pharmaceutical efficacy of the composition under ordinary
use situations. Pharmaceutically-acceptable carriers must, of course, be of sufficiently
high purity and sufficiently low toxicity to render them suitable for administration
preferably to an animal, preferably mammal being treated.

[0123] Some examples of substances, which can serve as pharmaceutically-
acceptable carriers or components thereof, are sugars, such as lactose, glucose and
sucrose; starches, such as corn starch and potato starch; cellulose and its derivatives, such
as sodium carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered
tragacanth; malt; gelatin; talc; solid lubricants, such as stearic acid and magnesium
stearate; calcium sulfate; vegetable oils, such as peanut oil, cottonseed oil, sesame oil,
olive oil, corn oil and oil of theobroma; polyols such as propylene glycol, glycerine,
sorbitol, mannitol, and polyethylene glycol; alginic acid; emulsifiers, such as the
TWEENS; wetting agents, such sodium lauryl sulfate; coloring agents; flavoring agents;
tableting agents, stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic
saline; and phosphate buffer solutions.

[0124] The choice of a pharmaceutically-acceptable carrier to be used in
conjunction with the subject compound is basically determined by the way the compound
is to be administered.

[0125] The compositions described herein are preferably provided in unit
dosage form. As used herein, a "unit dosage form" is a composition containing an amount
of a compound that is suitable for administration to an animal, preferably mammal
subject, in a single dose, according to good medical practice. The preparation of a single
or unit dosage form however, does not imply that the dosage form is administered once

per day or once per course of therapy. Such dosage forms are contemplated to be
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administered once, twice, thrice or more per day and may be administered as infusion
over a period of time (e.g., from about 30 minutes to about 2-6 hours), or administered as
a continuous infusion, and may be given more than once during a course of therapy,
though a single administration is not specifically excluded. The skilled artisan will
recognize that the formulation does not specifically contemplate the entire course of
therapy and such decisions are left for those skilled in the art of treatment rather than
formulation.

[0126] The compositions useful as described above may be in any of a variety
of suitable forms for a variety of routes for administration, for example, for oral, nasal,
rectal, topical (including transdermal), ocular, intracerebral, intracranial, intrathecal, intra-
arterial, intravenous, intramuscular, or other parental routes of administration. The
skilled artisan will appreciate that oral and nasal compositions comprise compositions
that are administered by inhalation, and made using available methodologies. Depending
upon the particular route of administration desired, a variety of pharmaceutically-
acceptable carriers well-known in the art may be used. Pharmaceutically-acceptable
carriers include, for example, solid or liquid fillers, diluents, hydrotropies, surface-active
agents, and encapsulating substances. Optional pharmaceutically-active materials may be
included, which do not substantially interfere with the inhibitory activity of the
compound. The amount of carrier employed in conjunction with the compound is
sufficient to provide a practical quantity of material for administration per unit dose of the
compound. Techniques and compositions for making dosage forms useful in the methods
described herein are described in the following references, all incorporated by reference
herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker & Rhodes, editors,
2002); Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1989); and Ansel,
Introduction to Pharmaceutical Dosage Forms 8th Edition (2004).

[0127] Various oral dosage forms can be used, including such solid forms as
tablets, capsules, granules and bulk powders. These oral forms comprise a safe and
effective amount, usually at least about 5%, with a maximum of about 90%, of the
compound. Tablets can be compressed, tablet triturates, enteric-coated, sugar-coated,
film-coated, or multiple-compressed, containing suitable binders, lubricants, diluents,
disintegrating agents, coloring agents, flavoring agents, flow-inducing agents, and
melting agents. Liquid oral dosage forms include aqueous solutions, emulsions,
suspensions, solutions and/or suspensions reconstituted from non-effervescent granules,

and effervescent preparations reconstituted from effervescent granules, containing
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suitable solvents, preservatives, emulsifying agents, suspending agents, diluents,
sweeteners, melting agents, coloring agents and flavoring agents.

[0128] The pharmaceutically-acceptable carrier suitable for the preparation of
unit dosage forms for peroral administration is well-known in the art. Tablets typically
comprise conventional pharmaceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as
starch, gelatin and sucrose; disintegrants such as starch, alginic acid and croscarmelose;
lubricants such as magnesium stearate, stearic acid and talc. Glidants such as silicon
dioxide can be used to improve flow characteristics of the powder mixture. Coloring
agents, such as the FD&C dyes, can be added for appearance. Sweeteners and flavoring
agents, such as aspartame, saccharin, menthol, peppermint, and fruit flavors, are useful
adjuvants for chewable tablets. Capsules typically comprise one or more solid diluents
disclosed above.  The selection of carrier components depends on secondary
considerations like taste, cost, and shelf stability, which are not critical, and can be readily
made by a person skilled in the art.

[0129] Peroral compositions also include liquid solutions, emulsions,
suspensions, and the like. The pharmaceutically-acceptable carriers suitable for
preparation of such compositions are well known in the art. Typical components of
carriers for syrups, elixirs, emulsions and suspensions include ethanol, glycerol,
propylene glycol, polyethylene glycol, liquid sucrose, sorbitol and water. For a
suspension, typical suspending agents include methyl cellulose, sodium carboxymethyl
cellulose, AVICEL RC-591, tragacanth and sodium alginate; typical wetting agents
include lecithin and polysorbate 80; and typical preservatives include methyl paraben and
sodium benzoate. Peroral liquid compositions may also contain one or more components
such as sweeteners, flavoring agents and colorants disclosed above.

[0130] Such compositions may also be coated by conventional methods,
typically with pH or time-dependent coatings, such that the subject compound is released
in the gastrointestinal tract in the vicinity of the desired topical application, or at various
times to extend the desired action. Such dosage forms typically include, but are not
limited to, one or more of cellulose acetate phthalate, polyvinylacetate phthalate,
hydroxypropyl methyl cellulose phthalate, ethyl cellulose, Eudragit coatings, waxes and
shellac.

[0131] Compositions described herein may optionally include other drug

actives.
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[0132] Other compositions useful for attaining systemic delivery of the

subject compounds include sublingual, buccal and nasal dosage forms.  Such
compositions typically comprise one or more of soluble filler substances such as sucrose,
sorbitol and mannitol; and binders such as acacia, microcrystalline cellulose,
carboxymethyl cellulose and hydroxypropyl methyl cellulose. Glidants, lubricants,
sweeteners, colorants, antioxidants and flavoring agents disclosed above may also be
included.

[0133] A liquid composition, which is formulated for topical ophthalmic use,
is formulated such that it can be administered topically to the eye. The comfort should be
maximized as much as possible, although sometimes formulation considerations (e.g.
drug stability) may necessitate less than optimal comfort. In the case that comfort cannot
be maximized, the liquid should be formulated such that the liquid is tolerable to the
patient for topical ophthalmic use. Additionally, an ophthalmically acceptable liquid
should either be packaged for single use, or contain a preservative to prevent
contamination over multiple uses.

[0134] For ophthalmic application, solutions or medicaments are often
prepared using a physiological saline solution as a major vehicle. Ophthalmic solutions
should preferably be maintained at a comfortable pH with an appropriate buffer system.
The formulations may also contain conventional, pharmaceutically acceptable
preservatives, stabilizers and surfactants.

[0135] Preservatives that may be used in the pharmaceutical compositions
disclosed herein include, but are not limited to, benzalkonium chloride, PHMB,
chlorobutanol, thimerosal, phenylmercuric, acetate and phenylmercuric nitrate. A useful
surfactant is, for example, Tween 80. Likewise, various useful vehicles may be used in
the ophthalmic preparations disclosed herein. These vehicles include, but are not limited
to, polyvinyl alcohol, povidone, hydroxypropyl methyl cellulose, poloxamers,
carboxymethyl cellulose, hydroxyethyl cellulose and purified water.

[0136] Tonicity adjustors may be added as needed or convenient. They
include, but are not limited to, salts, particularly sodium chloride, potassium chloride,
mannitol and glycerin, or any other suitable ophthalmically acceptable tonicity adjustor.

[0137] Various buffers and means for adjusting pH may be used so long as the
resulting preparation is ophthalmically acceptable. For many compositions, the pH will

be between 4 and 9. Accordingly, buffers include acetate buffers, citrate buffers,
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phosphate buffers and borate buffers. Acids or bases may be used to adjust the pH of
these formulations as needed.

[0138] In a similar vein, an ophthalmically acceptable antioxidant includes,
but is not limited to, sodium metabisulfite, sodium thiosulfate, acetylcysteine, butylated
hydroxyanisole and butylated hydroxytoluene.

[0139] Other excipient components, which may be included in the ophthalmic
preparations, are chelating agents. A useful chelating agent is edetate disodium, although
other chelating agents may also be used in place or in conjunction with it.

[0140] For topical use, creams, ointments, gels, solutions or suspensions, etc.,
containing the compound disclosed herein are employed. Topical formulations may
generally be comprised of a pharmaceutical carrier, co-solvent, emulsifier, penetration
enhancer, preservative system, and emollient.

[0141] For intravenous administration, the compounds and compositions
described herein may be dissolved or dispersed in a pharmaceutically acceptable diluent,
such as a saline or dextrose solution. Suitable excipients may be included to achieve the
desired pH, including but not limited to NaOH, sodium carbonate, sodium acetate, HCI,
and citric acid. In various embodiments, the pH of the final composition ranges from 2 to
8, or preferably from 4 to 7. Antioxidant excipients may include sodium bisulfite, acetone
sodium bisulfite, sodium formaldehyde, sulfoxylate, thiourea, and EDTA. Other non-
limiting examples of suitable excipients found in the final intravenous composition may
include sodium or potassium phosphates, citric acid, tartaric acid, gelatin, and
carbohydrates such as dextrose, mannitol, and dextran. Further acceptable excipients are
described in Powell, et al., Compendium of Excipients for Parenteral Formulations, PDA
J Pharm Sci and Tech 1998, 52 238-311 and Nema et al., Excipients and Their Role in
Approved Injectable Products: Current Usage and Future Directions, PDA J Pharm Sci
and Tech 2011, 65 287-332, both of which are incorporated herein by reference in their
entirety. Antimicrobial agents may also be included to achieve a bacteriostatic or
fungistatic solution, including but not limited to phenylmercuric nitrate, thimerosal,
benzethonium chloride, benzalkonium chloride, phenol, cresol, and chlorobutanol.

[0142] The resulting composition may be infused into the patient over a
period of time. In various embodiments, the infusion time ranges from 5 minutes to
continuous infusion, from 10 minutes to 8 hours, from 30 minutes to 4 hours, and from 1

hour to 3 hours. In one embodiment, the drug is infused over a 3 hour period. The
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infusion may be repeated at the desired dose interval, which may include, for example, 6
hours, 8 hours, 12 hours, or 24 hours.

[0143] The compositions for intravenous administration may be provided to
caregivers in the form of one more solids that are reconstituted with a suitable diluent
such as sterile water, saline or dextrose in water shortly prior to administration.
Reconstituted concentrated solutions may be further diluted into a parenteral solutions
haing a volume of from about 25 to about 1000 ml, from about 30 ml to about 500 ml, or
from about 50 ml to about 100 ml. In other embodiments, the compositions are provided
in solution ready to administer parenterally. In still other embodiments, the compositions
are provided in a solution that is further diluted prior to administration. In embodiments
that include administering a combination of a compound described herein and another
agent, the combination may be provided to caregivers as a mixture, or the caregivers may
mix the two agents prior to administration, or the two agents may be administered
separately.

[0144] The actual dose of the active compounds described herein depends on
the specific compound, and on the condition to be treated; the selection of the appropriate

dose is well within the knowledge of the skilled artisan.

Kits for Intravenous Administration

[0145] Some embodiments include a kit comprising a compound described
herein and an additional agent, such as an antimicrobial agent. In one embodiment, both
components are provided in a single sterile container. In the case of solids for
reconstitution, the agents may be pre-blended and added to the container simultaneously
or may be dry-powder filled into the container in two separate steps. In some
embodiments, the solids are sterile crystalline products. In other embodiment, the solids
are lyophiles. In one embodiment, both components are lyophilized together. Non-
limiting examples of agents to aid in lyophilization include sodium or potassium
phosphates, citric acid, tartaric acid, gelatin, and carbohydrates such as dextrose,
mannitol, and dextran. One embodiment includes non-sterile solids that are irradiated
either before or after introduction into the container.

[0146] In the case of a liquid, the agents may be dissolved or dispersed in a
diluent ready for administration. In another embodiment, the solution or dispersion may
be further diluted prior to administration. Some embodiments include providing the

liquid in an IV bag. The liquid may be frozen to improve stability.
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[0147] In one embodiment, the container includes other ingredients such as a

pH adjuster, a solubilizing agent, or a dispersing agent. Non-limiting examples of pH
adjusters include NaOH, sodium carbonate, sodium acetate, HCI, and citric acid.

[0148] The molar ratio of compound described herein to additional agent (e.g.,
antibacterial agent) may be from about 10:1 to 1:10, 8:1 to 1:8, 5:1 to 1:5, 3:1 to 1:3, 2:1
to 1:2, or about 1:1. In various embodiments the amount of compound described herein
may be from 100 mg to 5 g, 500 mg to 2 g, or about 1 g. Similarly, in various
embodiments the amount of additional agent may be from 100 mgto 5 g, 500 mg to 2 g,
or about 1 g.

[0149] In an alternative embodiment, the two components may be provided in
separate containers. Each container may include a solid, solution, or dispersion. In such
embodiments, the two containers may be provided in a single package or may be
provided separately. In one embodiment, the compound described herein is provided as a
solution while the additional agent (e.g., antibacterial agent) is provided as a solid ready
for reconstitution. In one such embodiment, the solution of the compound desribed

herein is used as the diluent to reconstitute the other agent.

Methods of Treatment

[0150] Some embodiments of the present invention include methods of
treating bacterial infections with the compounds and compositions comprising cyclic
boronic acid ester derivatives described herein. Some methods include administering a
compound, composition, pharmaceutical composition described herein to a subject in
need thereof. In some embodiments, a subject can be an animal, e.g., a mammal, a
human. In some embodiments, the bacterial infection comprises a bacteria described
herein. As will be appreciated from the foregoing, methods of treating a bacterial
infection include methods for preventing bacterial infection in a subject at risk thereof.

[0151] Further embodiments include administering a combination of
compounds to a subject in need thereof. A combination can include a compound,
composition, pharmaceutical composition described herein with an additional
medicament.

[0152] Some embodiments include co-administering a compound,
composition, and/or pharmaceutical composition described herein, with an additional
medicament. By “co-administration,” it is meant that the two or more agents may be

found in the patient’s bloodstream at the same time, regardless of when or how they are
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actually administered. In one embodiment, the agents are administered simultaneously.
In one such embodiment, administration in combination is accomplished by combining
the agents in a single dosage form. When combining the agents in a single dosage form,
they may be physically mixed (e.g, by co-dissolution or dry mixing) or may form an
adduct or be covalently linked such that they split into the two or more active ingredients
upon administration to the patient. In another embodiment, the agents are administered
sequentially. In one embodiment the agents are administered through the same route,
such as orally. In another embodiment, the agents are administered through different
routes, such as one being administered orally and another being administered i.v.

[0153] Examples of additional medicaments include an antibacterial agent,
antifungal agent, an antiviral agent, an anti-inflammatory agent and an anti-allergic agent.

[0154] Some embodiments include co-administration of a compound,
composition or pharmaceutical composition described herein with an antibacterial agent
such as a B-lactam. Examples of such B-lactams include Amoxicillin, Ampicillin (e.g.,
Pivampicillin, Hetacillin, Bacampicillin, Metampicillin, Talampicillin), Epicillin,
Carbenicillin (Carindacillin), Ticarcillin, Temocillin, Azlocillin, Piperacillin, Mezlocillin,
Mecillinam (Pivmecillinam), Sulbenicillin, Benzylpenicillin (G), Clometocillin,
Benzathine benzylpenicillin, Procaine benzylpenicillin, Azidocillin, Penamecillin,
Phenoxymethylpenicillin =~ (V), Propicillin, Benzathine phenoxymethylpenicillin,
Pheneticillin, Cloxacillin (e.g., Dicloxacillin, Flucloxacillin), Oxacillin, Methicillin,
Nafcillin, Faropenem, Biapenem, Doripenem, Ertapenem, Imipenem, Meropenem,
Panipenem, Tomopenem, Razupenem, Cefazolin, Cefacetrile, Cefadroxil, Cefalexin,
Cefaloglycin, Cefalonium, Cefaloridine, Cefalotin, Cefapirin, Cefatrizine, Cefazedone,
Cefazaflur, Cefradine, Cefroxadine, Ceftezole, Cefaclor, Cefamandole, Cefminox,
Cefonicid, Ceforanide, Cefotiam, Cefprozil, Cefbuperazone, Cefuroxime, Cefuzonam,
Cefoxitin, Cefotetan, Cefmetazole, Loracarbef, Cefixime, Ceftazidime, Ceftriaxone,
Cefcapene, Cefdaloxime, Cefdinir, Cefditoren, Cefetamet, Cefmenoxime, Cefodizime,
Cefoperazone, Cefotaxime, Cefpimizole, Cefpiramide, Cefpodoxime, Cefsulodin,
Cefteram, Ceftibuten, Ceftiolene, Ceftizoxime, Flomoxef, Latamoxef, Cefepime,
Cefozopran, Cefpirome, Cefquinome, Ceftobiprole, Ceftaroline, CXA-101, RWJ-54428,
MC-04,546, ME1036, BAL30072, SYN 2416, Ceftiofur, Cefquinome, Cefovecin,
Aztreonam, Tigemonam, Carumonam, RWJ-442831, RWJ-333441, and RWJ-333442,
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[0155] Preferred embodiments include [-lactams such as Ceftazidime,
Biapenem, Doripenem, Ertapenem, Imipenem, Meropenem, ME1036, Tomopenem,
Razupenem, and Panipenem.

[0156] Some embodiments include co-administration of the compounds,
compositions and/or pharmaceutical compositions described herein with an additional
agent, wherein the additional agent comprises a monobactam. Examples of monobactams
include aztreonam, tigemonam, BAL 30072, SYN 2416 (BAL19764), and carumonam.

[0157] Some embodiments include co-administration of the compounds,
compositions and/or pharmaceutical compositions described herein with an additional
agent, wherein the additional agent comprises a Class A, B, C, or D beta-lactamase
inhibitor. An example of a class B beta lactamase inhibitor includes ME1071 (Yoshikazu
Ishii et al, “In Vitro Potentiation of Carbapenems with ME1071, a Novel Metallo-B3-
Lactamase Inhibitor, against Metallo-B-lactamase Producing Pseudomonas aeruginosa
Clinical Isolates.” Antimicrob. Agents Chemother. doi:10.1128/AAC.01397-09 (July
2010)). Other examples of beta-lactamase inhibitors administred as an additional agent
include clavulanic acid, tazobactam, sulbactam, avibactam (NXL-104), MK-7635, and
BAL29880. MK-7655 has the following structure:

HI\O\ o)

N
o
o
MK-7655

NososH

Indications

[0158] The compounds and compositions comprising cyclic boronic acid ester
derivatives described herein can be used to treat bacterial infections. Bacterial infections
that can be treated with the compounds, compositions and methods described herein can
comprise a wide spectrum of bacteria. Example organisms include gram-positive
bacteria, gram-negative bacteria, aerobic and anaerobic bacteria, such as Staphylococcus,
Lactobacillus,  Streptococcus, Sarcina, Escherichia, FEnterobacter, Klebsiella,
Pseudomonas, Acinetobacter, Mycobacterium, Proteus, Campylobacter, Citrobacter,
Nisseria, Baccillus, Bacteroides, Peptococcus, Clostridium, Salmonella, Shigella,
Serratia, Haemophilus, Brucella and other organisms.

[0159] More examples of bacterial infections include Pseudomonas

aeruginosa, Pseudomonas fluorescens, Pseudomonas acidovorans, Pseudomonas
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alcaligenes, Pseudomonas putida, Stenotrophomonas maltophilia, Burkholderia cepacia,
Aeromonas hydrophilia, Escherichia coli, Citrobacter freundii, Salmonella typhimurium,
Salmonella typhi, Salmonella paratyphi, Salmonella enteritidis, Shigella dysenteriae,
Shigella flexneri, Shigella sonnei, Enterobacter cloacae, Enterobacter aerogenes,
Klebsiella pneumoniae, Klebsiella oxytoca, Serratia marcescens, Francisella tularensis,
Morganella morganii, Proteus mirabilis, Proteus vulgaris, Providencia alcalifaciens,
Providencia rettgeri, Providencia stuartii, Acinetobacter baumannii, Acinetobacter
calcoaceticus, Acinetobacter haemolyticus, Yersinia enterocolitica, Yersinia pestis,
Yersinia pseudotuberculosis, Yersinia intermedia, Bordetella pertussis, Bordetella
parapertussis, Bordetella bronchiseptica, Haemophilus influenzae, Haemophilus
parainfluenzae, = Haemophilus  haemolyticus, = Haemophilus  parahaemolyticus,
Haemophilus ducreyi, Pasteurella multocida, Pasteurella haemolytica, Branhamella
catarrhalis, Helicobacter pylori, Campylobacter fetus, Campylobacter jejuni,
Campylobacter coli, Borrelia burgdorferi, Vibrio cholerae, Vibrio parahaemolyticus,
Legionella pneumophila, Listeria monocytogenes, Neisseria gonorrhoeae, Neisseria
meningitidis, Kingella, Moraxella, Gardnerella vaginalis, Bacteroides fragilis,
Bacteroides distasonis, Bacteroides 3452A homology group, Bacteroides vulgatus,
Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides uniformis, Bacteroides
eggerthii, Bacteroides splanchnicus, Clostridium difficile, Mycobacterium tuberculosis,
Mycobacterium  avium, Mycobacterium intracellulare, Mycobacterium leprae,
Corynebacterium diphtheriae, Corynebacterium ulcerans, Streptococcus pneumoniae,
Streptococcus agalactiae, Streptococcus pyogenes, Enterococcus faecalis, Enterococcus
faecium,  Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus
saprophyticus, Staphylococcus intermedius, Staphylococcus hyicus subsp. hyicus,
Staphylococcus ~ haemolyticus,  Staphylococcus  hominis, or  Staphylococcus
saccharolyticus.

[0160] The following examples will further describe the present invention,
and are used for the purposes of illustration only, and should not be considered as

limiting.

EXAMPLES

General procedures

[0161] Materials used in preparing the cyclic boronic acid ester derivatives

described herein may be made by known methods or are commercially available. It will
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be apparent to the skilled artisan that methods for preparing precursors and functionality
related to the compounds claimed herein are generally described in the literature
including, for example, procedures described in US7271186 and W0O2009064414, each
of which is incorporated by reference in its entirety. In these reactions, it is also possible
to make use of variants which are themselves known to those of ordinary skill in this art,
but are not mentioned in greater detail. The skilled artisan given the literature and this
disclosure is well equipped to prepare any of the compounds.

[0162] It is recognized that the skilled artisan in the art of organic chemistry
can readily carry out manipulations without further direction, that is, it is well within the
scope and practice of the skilled artisan to carry out these manipulations. These include
reduction of carbonyl compounds to their corresponding alcohols, oxidations, acylations,
aromatic substitutions, both electrophilic and nucleophilic, etherifications, esterification
and saponification and the like. These manipulations are discussed in standard texts such
as March Advanced Organic Chemistry (Wiley), Carey and Sundberg, Advanced Organic
Chemistry (incorporated herein by reference in its entirety) and the like.

[0163] The skilled artisan will readily appreciate that certain reactions are best
carried out when other functionality is masked or protected in the molecule, thus avoiding
any undesirable side reactions and/or increasing the yield of the reaction. Often the
skilled artisan utilizes protecting groups to accomplish such increased yields or to avoid
the undesired reactions. These reactions are found in the literature and are also well
within the scope of the skilled artisan. Examples of many of these manipulations can be
found for example in T. Greene and P. Wuts Protecting Groups in Organic Synthesis, 4th
Ed., John Wiley & Sons (2007), incorporated herein by reference in its entirety.

[0164] The following example schemes are provided for the guidance of the
reader, and represent preferred methods for making the compounds exemplified herein.
These methods are not limiting, and it will be apparent that other routes may be employed
to prepare these compounds. Such methods specifically include solid phase based
chemistries, including combinatorial chemistry. The skilled artisan is thoroughly
equipped to prepare these compounds by those methods given the literature and this
disclosure. The compound numberings used in the synthetic schemes depicted below are
meant for those specific schemes only, and should not be construed as or confused with
same numberings in other sections of the application.

[0165] Trademarks used herein are examples only and reflect illustrative

materials used at the time of the invention. The skilled artisan will recognize that
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variations in lot, manufacturing processes, and the like, are expected. Hence the
examples, and the trademarks used in them are non-limiting, and they are not intended to
be limiting, but are merely an illustration of how a skilled artisan may choose to perform
one or more of the embodiments of the invention.

[0166] (IH) nuclear magnetic resonance spectra (NMR) were measured in the
indicated solvents on either a Bruker NMR spectrometer (Avance TM DRXS500, 500
MHz for 1H) or Varian NMR spectrometer (Mercury 400BB, 400 MHz for 1H). Peak
positions are expressed in parts per million (ppm) downfield from tetramethylsilane. The
peak multiplicities are denoted as follows, s, singlet; d, doublet; t, triplet; q, quartet; quin,
quintet; sex, sextet; sep, septet; non, nonet; dd, doublet of doublets; td, triplet of doublets;

m, multiplet.

[0167] The following abbreviations have the indicated meanings:

n-Buli = n-butyllithium

t-Bu = tert-butyl

DCM = dichloromethane

DMF = N,N-dimethylformamide

DIPEA = diisopropylethylamine

EDCI = 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide

ESBL = extended-spectrum B-lactamase

ESIMS = electron spray mass spectrometry

EtOAc = ethyl acetate

EtOH = ethanol

HATU = 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate

HC1 = hydrochloric acid

HOBt = hydroxybenzotriazole

Im = imidazole

LiHMDS = lithium bis(trimethylsilyl)amide

MeCN = acetonitrile

NaHCO;, = sodium bicarbonate

Na,SO4 = sodium sulfate

NMM = N-methylmorpholine

NMR = nuclear magnetic resonance
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Pd/C = palladium on carbon
TBDMSCI = fert-butyldimethylsilyl chloride
TBS = tert-butyldimethylsilyl
TFA = trifluoroacetic acid
THF = tetrahydrofuran
TLC = thin layer chromatography
T™MS = trimethylsilyl
TPPB = tris(pentafluorophenyl)borane monohydrate

[0168] The following example schemes are provided for the guidance of the
reader, and collectively represent an example method for making the compounds
provided herein. Furthermore, other methods for preparing compounds described herein
will be readily apparent to the person of ordinary skill in the art in light of the following
reaction schemes and examples. Unless otherwise indicated, all variables are as defined
above.

[0169] Compounds of formula I where R' is an acylamino group and X is a

carboxylic acid can be prepared as depicted in Scheme 1.
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[0170]

aldehydes to form B-hydroxy esters is a well-known reaction (Scheme 1). Substituents R’

The addition of enolates to substituted o,p-unsaturated ketones or

and R® of formula I may be controlled by use of the appropriate o-mono or di-substituted
ester III. Similarly, substituents R*, R®, and R* may be controlled by use of the
appropriate substituted substituted o,B-unsaturated ketones or aldehydes analog II.
Precursors of structure IV, where R® and R’ or R® are combined together, may be made
following the known procedures [J. Am. Chem. Soc. (1982), 104, 1735-7, Tetrahedron
Lett. (2003), 44, 1259-62]

sensitive protecting group, affording V; this selection allows simultaneous deprotection of

. The B-hydroxy ester of structure IV is protected with an acid-

the boronate ester and hydroxyl protecting group in the final step, resulting in a cyclized
product. The pinacol boronate VII is formed from substituted V using iridium catalysis
[Tetrahedron (2004), 60, 10695-700]. Trans-esterification was readily achieved with
optically active pinane diol VIII to result in IX [Tetrahedron: Asymmetry, (1997), 8,

1435-40]. Transesterification may also be achieved from the catechol ester analog of
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VII. Such catechol esters can be made by reaction of V with commercially available
catechol borane [Tetrahedron (1989), 45, 1859-85]. Homologation of IX to give
chloromethylene addition product X with good stereocontrol may be achieved via
Matteson reaction conditions (WO0946098). The chloro derivative X can be utilized to
introduce a substituted amine group at the C3-position of the oxaborinane-2-ol.
Stereospecific substitution with hexamethyldisilazane gives the corresponding
bis(trimethylsilyl) amide XI which may be reacted in situ with an acid chloride to result
directly in analogs of structure XII. Such analogs of XII can also be made via coupling
of the bis-TMS amine with commercially available carboxylic acids under typical amide
coupling conditions (e.g., carbodiimide or HATU coupling). Compounds of Formula 1
where R' is substituted with -N(R”)C(=0)C(=NOR’)R’ may be synthesized from
corresponding carboxylic acids via coupling of XI to XII as in scheme 1. Such carboxylic
acids can be made by following the procedures described U.S. Patent No. 5,888,998, U.S.
Application Publication No. 2004/0019203, and U.S. Patent No. 4,822,786, all of which
are incorporated herein by reference in their entirety. Simultaneous deprotection of the
pinane ester, the tert-butyldimethylsilyloxy group and the tert-butyl ester group and
concomitant cyclization are achieved by heating with dilute HCI, affording the desired
oxaborinane derivatives of structure XIII. This transformation may also be achieved by
treatment with BCl; or BBrs. Alternatively, the deprotection may be attained via trans-

esterification with isobutyl boronic acid in presence of dilute HC1 (W009064413).
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Exanple 11 [0269] The potency and spectrum of 13-|actamase inhibitors was
determ ned by assessing their antibiotic potentiation activity. WO

2012/ 021486RCID/WEZS11/ 046957 [ 0270] The potenti ati on ef f @CT/US010I08@5Ved by
the reduction of the m ninmuminhibitory concentration of 13-lactam

anti bioti sf in éhe presence of 13-lactamase inhibitors (BLIsS). The activity
of BLIs iR nation with ceftazidine or biapenemis assessed by the
checker board assay (Antd mi\gr obi al Conbi nations. In Antibiotics in
Laboratory Medi Ci Ng#gs Ct DAmCheni. s, Fourth edition, 1996, pp

. M D.
333-338) usingllr i Cpodi | 1 ah3eshods ped foor nirdy.al %ﬁqm‘rended by the
NCCLS ( Nat'| @ ptaree f or —eH-ni-cal Lato?y&%ﬁ“ S (NCCLS). 1997.
Met hods for DN} Gti8h of AntinVEMBWU Suscephi®i Rty TeXs for Bacteria
VA

That Gow Aerobically - Fourth Edition; Approved ndard. NCCLS Docunent
M7-A4, Vol 17 No.2). In this assay, multiple dilufions of two drugs, nanely
BUT and 13-l actam (ceftazidime or biapenem, are peing tested, alone and in
conmbi nation, at concentrations equal to, above angd-HelBR FHEPYLUFEEHUEL I ve
mi ni mal inhibitory concentrations (MGCs). BLIs ar&" %8s 284" #*1d% Dvso
at 10 ng/m.. Stock solutions are further diluted,yaccording to the needs of
a particular assay,,ip Mieller Honton Broth (MiB). Stock solution can be
stored at -80C. rRS[ 0271] The checkerboard (CB) assay |s ooerformad in
mcrotiter plate®? 7di me or biapenem axediloyt ' axis, each
col urm cont ai nf'ng [concentration of bi OB @ne diluted in
the y axis, each Jpw cogtaining an equal concert &t i op” af " The result
of these mani pulatiqpns I's that each well of the ni cr ot j C&? pl ate contains a
uni que conbi nati on M concentrations of the two agent Y The assay is
performed in MAB®i-eWIB'final bacterial inoculumof 5 x 105 CFU/ nL (from an
early-1og phase coRfRlte). Mcrotiter plates are incubated during 20 h at

35C and are re ing-a mcroti.ter plat eader {iMbl ecul ar vi ce at 650
e el Cas BAZE) "SRR s SRy vl SR RUTOH RatTh O E e
The M C i grafigfi iod@ehiaSaryherdupwas be ansRMrbmt bromoOintdiletiateOXiTVSas YHoiwhi i t he

conmbi nation, at which the visible growth of the organi smis conpletely
i nhi bi t edSchreng Yild.yOkganpmpis Ghemy b etf la5 BB, Sugh bropao weriyatives may be
potenti at | i t bk of . -

F0272] ot gt 8F REFISH A e o BLUEBoME oYissnlhe BT DAL dbrdfidBdhncry,

t hat are AesiGanSot 123 423, 306299 DipRxphessifahe bfonldgloaptiakbddecan
hydrol yzi ng enzynes. The panel of strains used in checkerboar?lggﬁgeri ment s

cont ai s HSATHENCArRRsakORE U BEeth kAR 50k heh it e oot I9BRE !
enzynes: nd, D. i i m
con%:/ent r a??%dr?ﬂr% ’ %ng{)t Cgf&rr{'_ 3‘% yglﬁ?g)cggjr?g;%rﬁé fézlas't]i grnto:?gakgﬁggges%%ﬁi nﬁg &E‘%‘I on
of growt h(WO0Qn§OIBa ot by the sodsieshlt dfaliept er anl cabametetdeay atores &8 PrgnwCagn0. 6

i _tg/nL it reduce to ceftagzidi .8-foldj.n so eri Tabl e 2).
pasad on BPPELT TR0l SHlnieu b 8Y° KFRtHoR ol 2V st e oV L Be BOROUEL (01 ¢y
agai nst t iEdeS ii-AldAditRRP ISR BbADinIRhbAciamases. WO .

2012/ 021455PCT/ US2011/ 046957 Conpound 1 was the nost potent against the
strains expressing KPCs and other class A enzynes (CTX-M3), and sone cl ass
C (M R—l,g %R? and class D (OXA-2) enzynes. TABLE 2 Strain O ganism

Descri pti Cl ass MPC38 KP1005 Kl ebsiella pneunoniae ESBL CTX-M 14 A Z
KP1009 Kl ebsiella pneunoni ﬂ?;, I(E)p CTX-M 15 A Y EGCL

CTX-M 3 A X KP1004 K ep§h§ unoni ae Seri
KP1008 Kl ebsi el | a pneumgniae oeri ne—cir>bap«§nel_|
Escherichia coli 74 oH —_

RZ

i
R? R

Q8 Escherichia coli ESBL
clarhapenenmase KPC-2 A X
RA X EC1007

B—0 R® OH

R3 HO 0
XVII XV

[0172] Compounds of formula XIII and XVI are mixtures of 3,6-cis- and 3,6-
trans-isomers. These analogs can be made in enantiomerically pure form as single
isomers by starting (as in Scheme 1) with a single enantiomer (XVII), as shown in

Scheme 3. A variety of methods to prepare such enantiomerically pure f-hydroxy esters
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Seri ne car bapenemase KPC-3 A X KP1010 Kl ebsi el |l a pneunoni ae ESBL SHV-12 A'Y
KP1012 Kl ebsi el |l a pneunoni ae ESBL SHV-18 A Y ec306 Escherichia coli First
ESBL descwphkzert/@H852 A Y ec307 Escherichia coli Conmon 8EVUS3BUL/0SHY? 4 A Y
ec308 Escherichia coli Common SHV ESBL SHV-5 A Y ECL1009 Escherichia coli

Eg(?h e:-F(I\:Ar-] gfrg @@l%&ine%é%éa%%%] ; Ie%?r!vglec\g!l Ires%?urtrlr(g?lr}d?’gBketlt.,n(Zl(ﬁS)-r%M %8076—\0% oErC:LO:L2
stereoselective synthesis [Tetrahedron, (2000), 56, 917-47]. Such single isomers result
in enantiomerically pure cis-compounds XIII or XVI when used in the sequences

depicted in Schemes 1 and 2.

Scheme 4

0]
7 R8 ol< Ra—< RG R7
HN

R
n
—_—
= HO HO o

XIX XX

[0173] The sequence shown in Scheme 1 also allows for varied ring sizes in
formula I such as 7- and §8-membered rings. For example, a seven-membered analog XX
where n = 1 can be achieved by using the corresponding allyl intermediate (XIX) as a
starting material (Scheme 4). Such allyl derivatives as XIX can be made utilizing one of
several well known B-hydroxy ester preparations [Tetrahedron (2007), 63, 8336-50].
Intermediate XIX where n = 2 can be prepared as described in Scheme 1 to give
corresponding 8-membered compound of structure XX starting from pent-4-ene-1-al [J.

Med. Chem. (1998), 41(6), 965-972].
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ec303 Escherichia coli Conmmon ESBL in US TEM 12 A Y EC1011 Escherichia coli
ESBL TEM 26 A Z ec304 Escherichia coli Common ESBL in US TEM 26 A Z ec300
Escheri chwea 20621438mmon ESBL in France TEM3 A Y ec301 BsthisSeoigiou@stol i
ESBL TEM6 A Z CF1000 Citrobacter freundii Hyper AmpC expression CY
ECL1003 EEterob?cter cl oacae Hyper AmpC expression C Z ec310 Escherichia
coli E. ¢ -like Arrp-C ACT-1 C X EC1004 Escherichia coli pAmpC Cw-2

Rz R
Ra‘f R Grubb's R =\ K Re 1. (+)-Pinanediol e Q
. . (+)-Pinanedio
s Catalyst R a P R Q’B
B.
/ ORG

R CO,R" CO,R" 2. Hydroxy protection
HO
R’
XXH XX XXIV
1. DCM
Matteson n-BuLi, THF
Homologation- 2. LIHMDS

Amide formation | 3, R°COCI
or R°CO,H, EDCI
HOBt

R? R3R‘gs

R® R®

d HZ
R*"|'a COR -
HN B ORs 7R8 0% Pd-C
R°—\ HO

o]
XXVl XXVI XXV
[0174] Compounds of formula XXVI and XXVII can be made following

the sequence depicted in Scheme 5. Ring-Closing Metathesis reaction with boronated
olefins (XXI) and olefin substituted B-hydroxy esters (XXII) result in cyclic boronates of
formula XXIII. Such cyclic boronates (XXIII) undergo ready esterification with (+)-
pinane diol to give required Matteson reaction precursors upon protection of the resulting
alcohol with groups such as t-butyldimethylsilyl- or benzyl or trityl. Matteson
homologation followed by amide formation result in compounds of formula XXV with
high stereoselectivity, as described above. Acid mediated hydrolysis of compounds of
XXV upon deprotection give cyclic boronate (XXVI). Double bond substitution of XXVI
can be further modified to other analogs such as saturated cyclic boronate (XXVII) by
catalytic hydrogenation. The above sequence can be utilized to make 7- or 8- membered

rings with double bond at a desired position by varying p and q of XXI and XXII.
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C X EC1010 Escherichia coli pAmpC CMY-6 CY WO

2012/ 021455PCT/ US2011/ 046957 Strain Organi sm Description PCR C ass MPC8
EC1014 Eswbeniii4sscolt pAnpC DHA-1 C Z ECL006 Escheri cirica/usedit/op@dIpC FOX- 5
C Y EC1016 Escherichia colt pAmpC FOX-5 C Z ec309 Escherichia colt E.

cl oacae -like Amp-C M R-1 C X KP1007 Kl ebsi ell a pneunoni ae ESBL OXA- 10,
giirB4 DY KX1000 Kl ebsiella oxytoca ESBL OXA-2 D X

Scheme 6

XXVII XXIX
[0175] Compounds of formula I where R* and R” taken together form an aryl
ring can be made from commercially available substituted aryl precursors as XXVIII.
Substitution of the bromine atom by a boronate ester may be done under palladium
catalyzed conditions [Tetrahedron (2002), 58, 9633-95]. The steps of hydroxy ester
formation, a-amidoboronate preparation and cyclization can be attained by synthetic steps

analogous to those in Scheme 1 to give compounds XXIX.

Scheme 7
o}
0
y. X
—_— e R* R® —_—
R® R® o)
oTBS oTBS
XXX XXXI
o RR' o)
R
e ol e
HN OH
B0 R® )—OH B 0 R°
HO e}
XXXVI XXXV

[0176] Compounds of formula I where R’ and R® are substituted as maleate
(XXXYV) or succinate (XXXVI) may be made following the sequence shown in Scheme
7. Maleate intermediates such as XXXII can be transformed to analogs XXXV
analogously to the steps in Scheme 1. Analogs of XXXV can be further transformed to
the corresponding succinic acids of structure XXXVI by catalytic hydrogenation.
Maleate intermediate XXXII may be assembled from intermediate XXXI by successive
deprotection of the TBS group, oxidation to the aldehyde, addition of vinyl Grignard and

reprotection as a TBS ether. Intermediate XXXI may be formed from a protected
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X = MPC8 of 2.51.1g/nmL or less. Y = MPC8 of greater than 2.5 1.1g/nL to 10
vg/m.. Z = MPC8 of greater than 10 vg/nL. [0273] Next, ceftazidine

pot ent i atworromaRilassty of several cyclic boronic acid esPem/u$eritwatsves was
tested using a Iar ger panel of strains expressing 13-1actamase hydrol yzi ng

Ficea conBBRERALT GHEOHE SXN BULSVGYE I PEDDY GHPED o Meclebt RO VT e8. ost

conmpounds (g e skegdsdsat 10 i _tg/ml. Cyclic boronic acid ester derivatives
wer e capabl e of reducing ceftazidine MCs 4 to >64-fol d dependi ng on
13- 1 act amase (lfabllpeum)s of TABIEIBI Shersi X 10agarhos<wh©asldrlswqror¢arpbﬁ?p®ral9@1

Ceftazidi W t ho n aci
dor i vat i viowing fiOpBteoll defeeqrhnl @8 fhefiife | e 07 o Tph G0FFH 252900 10
Iug/ ML 7 259116/ hidhgik Mcolgttaledhéphs) Iefdralc@nleumna@).ESBL CIX- M14 AZ 272 Z7Z
Z Z KP1009 Kl ebsiella pneunoniae ESBL CTX- M15 A Z Z Z Z

Iustrative Compound Examples

[0177] Synthesis of 2-((3R)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-1,2-

oxaborinan-6-yl)acetic acid. An example synthesis of 1 is depicted in Scheme 8§ and

Example 1.

Scheme §

Pinacol borane \’/ OH \*/ CHyCl,
05< I (COD)YCl], 0 e THF
TPPB "BuLi
/_ﬁo CH,Cl, io\ ‘/_(—« H VIII >¢ ‘/_(—<0 >¢ _\/J
OTBS - - . B OTBS OTBS -95 °C-rt

o THF, 50 °C, 16h
Tet. (2004) , 60(47), G 16h 850
XXXVII 10695 - 10700 XXXVITT XXXIX
J. Org, Chenm. (1994),
59(17), 4760-64 LiHMDS
THF
-78 °C-rt
16h
Z
Method D / Method 4
> S
s 3N HCI s cocl
={ o S
Dioxane o [ ) D_/ 0.0
NH N(TMS
110°C, 1.5h SN \’< / o, p(T™SE \[<
HN — B -— B
B-0 OH o 78°C,1.5h o
HO S H TBSO rt, 15h H TBSO
1 XLIT XL1
Example 1
Step 1

[0178] A round-bottom flask charged with [Ir(cod)Cl], (350 mg, 0.52 mmol)
and 1,4-bis(diphenylphosphanyl)butane (446 mg, 1.04 mmol) was flushed with argon.
DCM (60mL), pinacolborane (3 mL, 21 mmol) and tert-butyl-3-(tert-
butyldimethylsilyloxy)pent-4-enoate XXXVII [J. Org. Chem., (1994) , 59(17) , 4760 —
4764] (5 g, 17.48 mmol) in 5 mL of DCM were added successively at room temperature.
The mixture was then stirred at room temperature for 16h. The reaction was quenched

with MeOH (3 mL) and water (10 mL), the product was extracted with ether, and dried.
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Z Z KP1006 Kl ebsiella pneunoniae ESBL CTX- M2 AY X X X X ND EC1008
Escherichia co/i ESBL CTX- M3 AZ Y Y Y Y Z pa 1063 Pseudononas aer ugi nosa
ESBL GES-WO 202820452 Z Z Z KP1004 Kl ebsi el l a pneunoni ae 8€miuseoigasdsapenenmase
KPC- 2 AZYYYY Z KP1008 Kl ebsi el | a pneunoni ae

Chromatography on silica gel (100% DCM—50% EtOAc/DCM gave fert-butyl 3-(tert-
butyldimethylsilyloxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate
XXXVIII (5.5 g, 13.2 mmol, 75.5%yield).

Step 2

[0179] To a solution of tert-butyl 3-(tert-butyldimethylsilyloxy)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate XXXVIII (5.4 g, 13 mmol) in THF (25
mL) was added (1 S,25,3R,55)-2,6,6-trimethylbicyclo[3.1.1]heptane-2,3-diol (2.4 g, 14.3
mol) at room temperature. The reaction mixture was stirred for 16 h and then was
concentrated under vacuum. The residue was purified by column chromatography (100%
hexane—40% EtOAc/hexane) on silica gel to give 1-(tert-butoxy)-3-[(tert-
butyldimethylsilyl)oxy]-1-0x0-6-[(2S,6R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo
[6.1.1.02,6]decan-4-yllhexan-3-yl XXXIX (5.5 g, 11 mmol, 84.6% yield).

Step 3
[0180] To a solution of DCM (1.5 mL, 23.6 mmol) in THF (30 mL) at -100

°C was added 2.5 M n-butyl lithium in hexane (5.19 mL, 12.98 mmol) slowly under
nitrogen and down the inside wall of the flask whilst maintaining the temperature below -
90°C. The resulting white precipitate was stirred for 30 minutes before the addition of 1-
(tert-butoxy)-3-[(tert-butyldimethylsilyl)oxy]-1-0x0-6-[(2S,6R)-2,9,9-trimethyl-3,5-
dioxa-4-boratricyclo [6.1.1.02,6]decan-4-yl]hexan-3-yl XXXIX (5.5 g, 11 mmol) in THF
(10 mL) at -90°C. Zinc chloride (23.6 mL, 0.5 M in diethyl ether, 11.86 mmol) was then
added to the reaction mixture at -90°C and then the reaction was allowed to warm to room
temperature where it was stirred for 16 h. The reaction was quenched with a saturated
solution of ammonium chloride and the phases were separated. The aqueous phase was
then extracted with diethyl ether (3 x 50 mL) and the combined organic extracts were
dried over Na,SO,, filtered and concentrated under reduced pressure. The concentrated
material was then chromatographed (100% hexane — 50% EtOAc/hexane) to obtain 6-
(tert-butoxy)-4-[(tert-butyldimethylsilyl)oxy]-1-chloro-6-oxo-1-[(2S,6R)-2,9,9-trimethyl-
3,5-dioxa-4-boratricyclo[6.1.1.02,6]decan-4-yl]Thexyl XL (5.6 g, 10.5 mmol, 95.4%
yield).
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Serine carbapenemase KPC2 A Y X X X X Z WD 2012/ 021455PCT/ US2011/ 046957
Strain Organi sm Description PCR Cass Ceftazidine MC (ug/nL) with or

wi t hout cyol2he/@ess6ni c acid ester derivative Al one PBTAS20/046997 ML 4 at
10 iug/nmL 5 at 10 iug/nL 6 at 10 iug/nmL 7 at 10 iug/nL ECL007 Escherichia
co/i Serinpe cag bapenemase KPC- 3 A Z X X X X Z KP1010 Kl ebsi el l a pneunoni ae
ESBL SHV12L

[0181] Chloro intermediate XL (1.2 g, 2.33 mmol) in THF (10 mL) was
cooled to -78°C under nitrogen. A solution of LIHMDS (2.33 mL, 1.0 M in THF, 2.33
mmol) was added slowly and the reaction flask was then allowed to warm to room
temperature where it was stirred for 16 h. Method A: The resulting was cooled to -78°C
and 5-thiopheneacetyl chloride was added and the solution stirred at -78°C for 1.5 h.
Then, the cooling bath was removed and the solution stirred at ambient temperature for
1.5 h. The reaction was quenched with water and extracted twice with EtOAc. The
organic layers were combined, washed with water, brine, dried (Na,SO,) and
concentrated in vacuo to afford a pale yellow solid as crude product. The residue was
chromatographed on a silica column (100% DCM—40% EtOAc/DCM) to afford 570 mg
of 6-(tert-butoxy)-4-[(tert-butyldimethylsilyl)oxy]-6-oxo-1-(thiophen-2-ylacetamido)-1-
[(2S,6R)-2,9,9- trimethyl-3,5-dioxa-4- boratricyclo[6.1.1.02,6]decan-4-yl]hexylidyne
XLII as a white solid (570 mg, 0.92 mmol, 39.5% yield).

Step 6

[0182] Method D: To a solution of amide XLII (250 mg, 0.40 mmol) in 1,4-
dioxane (10 mL) was added 10 mL of 3 N HCI. The mixture was heated to 110°C for 90
min. The solution was cooled and diluted with 10 mL of water and extracted twice with
10 mL of diethyl ether. The aqueous layer was concentrated to afford a sticky residue as
crude product. The residue was rinsed with 5 mL of water, dissolved in 10% MeCN-
water and lyophilized to afford 2-((3R)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-1,2-
oxaborinan-6-yl)acetic acid 1 as white powder (100 mg, 0.337 mmol, 84.1% yield). 'H
NMR (CDs;0D) 6 ppm 0.94-1.35 (m, 1H), 1.35-1.54 (m, 1H), 1.54-1.68 (m, 1H), 1.68-
2.00 (m, 1H), 2.20-2.67 (m, 3H), 3.93 (s, 1H), 3.98 (s, 1H), 4.02-4.23 (m, 2H), 6.98-7.05
(m, 2H), 7.32-7.36 (m, 1H); ESIMS found for C,,H;¢BNOsS m/z 280 (100%) (M-H,O)+.

[0183] Alternative procedures for Steps 5 and 6 are shown in Scheme 9.

Scheme 9
Method B
RCO,H, EDCI, i
o)
0, _0 HOBT, NMM 0o 0. 0. Method E
N(TMS;
- e e YT e
—r2 @ . e Bl
, -
o Method C o/ Anisole IB—O OH
H TBSO RCO,H, HATU H TBSO HO o
DIPEA
Xxxni CHZCIZ XXXV XXXVT
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Z ZY Y Z KP1012 Kl ebsi el |l a pneunoniae ESBL SHV18 A Z Z Z Y Y Z ec306
Escherichia co/i First ESBL described SHV- 2 A Z Z Z Z Z Z ec307
Escheri chwe 20/621436mmon SHY ESBL SHV- 4 A Z Z Z Y Z Z e®808ISE®ICI06695T hi

coli

Common SHV ESBL SHV- 5 AZ Z Z 72 Z Z

Method B

RCO,H, EDCI, i
o
0.0 HOBT, NMM o 0w o Method E
o\B N(TMS); 7< CH,CL, 3 O\B NH 7< Yoy TEA R_gN
—_— T .
4 «
o Method C O/ Anisole ’B—O
H TBSO RCO,H, HATU H TBSO HG d
DIPEA
xut CH,Cl, XLII XLIV

StepS., Method B
[0184] To a solution of the acid (0.36 mmol) in DCM (10 mL) at 0°C under
nitrogen was added EDCI (86 mg, 0.45 mmol) and HOBT (48 mg, 0.36 mmol). After

stirring at 0°C for 30 minutes, a solution of the bis-silyl amide intermediate XLI (0.3
mmol) in DCM (2 mL) followed by N-methyl-morpholine (65 pL, 0.6 mmol) were
sequentially added at 0°C. The reaction flask was then allowed to warm to room
temperature. After stirring at room temperature overnight, the reaction mixture was
washed with water, then brine, dried (Na,SQ,), filtered and concentrated under vacuum.

The residue was purified by column chromatography to produce intermediate XLIII.

Step5, Method C
[0185] A solution of bis-silyl amide XLI (0.5 mmol) and acid in dry DCM (10
mL) were cooled to 0°C. Then DIPEA (1.5 mmol) was added drop wise followed HATU

(0.75 mmol). The mixture was then allowed to warm to room temperature. After TLC has
indicated complete conversion (~3h) of the starting materials, the reaction was diluted
with additional DCM (20 mL). The reaction mixture was washed with water (3x5 mL),
brine (10 mL), and dried over Na,SO,. After removal of the solvent, the residue was

subjected to flash column chromatography to produce intermediate XLIII.

Step 6, Method E
[0186] To a solution of amide (XLIII) (0.1 mmol) in dichloroethane (2 mL) at

0°C was treated with pre-cooled 90% aq. TFA (4 mL) and stirred at room temperature for
3 hrs. The reaction mixture was evaporated in vacuo, azeotroped with MeCN (3 X 5 mL)
and the residue was triturated with ether (5 mL). The product separated was filtered,
dissolved in dioxane-water mixture and freeze dried to give the final product XLIV as a
fluffy solid.

[0187] The following compounds are prepared in accordance with the

procedure described in the above Example 1 using methods A and D.
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KP1011 Kl ebsiella pneunoniae ESBL SHV5S A Y X X X X ND EC1009 Escherichia
co/i ESBL TEMIO A Z Z Z Z Z Z ec302 Escherichia co/i Conmpn ESBL in US
TEMLO A V@ 28128027458 EC1012 Escherichia co/i ESBL TEML2 RCT/UR2MN1M46857 ec303
Escherichia co/i Common ESBL in US TEMI2 A Z Z Z

[0188] 2-((3R)-2-hydroxy-3-(2-phenylacetamido)-1,2-oxaborinan-6-yl)acetic
acid 2. '"H NMR (CD;OD) & ppm 0.82-1.33 (m, 1H), 1.33-1.51 (m, 1H), 1.51-1.68 (m,
1H), 1.69-2.00 (m, 1H), 2.14-2.34 (m, 1H), 2.34-2.69 (m, 2H), 3.74-3.76 (m, 2H), 3.98-
4.20 (m, 1H), 7.22-7.41 (m, 5H); ESIMS found for C14H18BNOS5 m/z 274 (100%) (M-
H,0)".

[0189] 2-((3R)-3-acetamido-2-hydroxy-1,2-oxaborinan-6-yl)acetic acid 3. 'H
NMR (CDs;0D) 6 ppm 1.07-1.36 (m, 1H), 1.36-1.59 (m, 1H), 1.59-1.73 (m, 1H), 1.73-
2.09 (m, 1H), 2.15-2.16 (d, 3H), 2.35-2.69 (m, 3H), 4.01-4.23 (m, 1H); ESIMS found for
CsH14BNOs m/z 198 (100%) (M-H,0)".

D~

HN

I

[0190] 2-((3R)-3-(cyclopropanecarboxamido)-2-hydroxy-1,2-oxaborinan-6-
yl)acetic acid 4. 'H NMR (CDs0OD) 6 ppm 0.98-1.32 (m, 5H), 1.32-1.67 (m, 2H), 1.67-
2.06 (m, 2H), 2.27-2.66 (m, 3H), 3.98-4.16 (m, 1H); ESIMS found for C;0H;sBNOs m/z
224 (100%) (M-H,0)".

[0191] The following compounds are prepared starting from enantiomerically
pure (R)-tert-butyl 3-hydroxypent-4-enoate (J. Am. Chem. Soc. 2007, 129, 4175-4177) in

accordance with the procedure described in the above Example 1.
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Y Y Z EC1011 Escherichia co/i
Common ESBL in France TEM 3 A Z Z Z Y Z Z ec301 Escherichia co/i
TEM 6 AWO020R/@2145Z KP1014 Kl ebsiella pneunoni ae Met al IPOTAB20114¢498TBSE

co/i

Viml BZ Z Z Z Z ND CF1000 C trobacter freundii

—
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o
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B—0O OH

[0192] 2-((3R,65)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-1,2-oxaborinan-
6-yl)acetic acid 3. 'H NMR (CD;0D) 6 ppm 0.97-1.11 (q, 1H), 1.47-1.69 (m, 2H), 1.69-
1.80 (m, 1H), 2.21-2.33 (td, 1H), 2.33-2.41 (dd, 1H), 2.58-2.67 (m, 1H), 3.97 (s, 2H),
4.06-4.14 (m, 1H), 6.97-7.04 (m, 1H), 7.04-7.08 (m, 1H), 7.34-7.38 (dd, 1H); ESIMS
found for C,H;6BNOsS m/z 280 (100%) (M-H,0)".

[0193] 2-((3R,6S)-2-hydroxy-3-(2-phenylacetamido)-1,2-oxaborinan-6-
yl)acetic acid 6. 'H NMR (CDs0OD) ¢ ppm 0.86-1.02 (m, 1H), 1.44-1.53 (dd, 1H), 1.53-
1.66 (td, 1H), 1.68-1.78 (m, 1H), 2.17-2.26 (dd, 1H), 2.26-2.36 (dd, 2H), 3.75 (s, 2H),
4.02-4.12 (m, 1H), 7.22-7.40 (m, 5H); ESIMS found for C14H;sBNOs m/z 274 (100%)
(M-H,0)".

[0194] The following compounds are prepared in accordance with the
procedure described in the above Example 1 starting from enantiomerically pure (R)-tert-
butyl 3-hydroxypent-4-enoate (J. Am. Chem. Soc. 2007, 129, 4175-4177) using methods
B and D.

NH,

[0195] 2-((3R,65)-3-((S)-2-amino-2-phenylacetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 33 was isolated as the HCI salt. '"H NMR (CD;OD) & ppm
1.24-1.27 (m, 1H), 1.51-1.72 (m, 3H), 2.45-2.50 (dd, J=5 Hz, J=5 Hz, 1H), 2.55-2.63 (dd,
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Hyper AnpC expression CZ Z Z Y Y Z CF1001 Citrobacter freundii Hyper AmpC
expression CZ Z Z Y Y ND ECL1002 Enterobacter cloacae Hyper AmpC

expressi ONO 2W202745Y Y Y Z WD 2012/ 021455PCT/ US2011/ 046 PET/USLe1ai0m69EX gani sm
Description PCR O ass Ceftazidine MC (ug/nL) with or without cyclic

?gr IOL"gf nﬁSL?H%?}:%r HIEEY 8% V71 (m, 168, %8255 m P Yo -08 (£ 07 WY S at
(m, 5H); ESIMS found for C4H9BN,Os m/z 289 (M-H,0)".
(o]

A
HN

W

H2N OHO

34
[0196] 2-((3R,6S)-3-(3-aminopropanamido)-2-hydroxy-1,2-oxaborinan-6-
yDacetic acid 34 was isolated as the HCI salt. "H NMR (CD;OD) & ppm 1.24-1.29 (td,
J=13 Hz. J=3 Hz, 1H), 1.55-1.62 (td, J=14 Hz, J=4 Hz, 1H), 1.68-1.72 (m, 1H), 1.79-1.82
(m, 1H), 2.43-2.47 (dd, J=6 Hz, J=6 Hz, 2H), 2.70-2.74 (m, 2H), 2.83-2.86 (t, /=7 Hz,
2H), 3.26-3.29 (t, J/=7 Hz, 1H), 4.10-4.16 (m, 1H); ESIMS found for CoH7BN,O5 m/z
227 (M-H,0)".

H
HOMN o
B.
35

[0197] (S)-2-amino-5-((3R,6S)-6-(carboxymethyl)-2-hydroxy-1,2-
oxaborinan-3-ylamino)-5-oxopentanoic acid 35 was isolated as the HCI salt. 'H NMR
(CD50D) 6 ppm 1.50-1.66 (m, 2H), 1.66-1.84 (m, 2H), 2.10-2.20 (sex, J=8 Hz 1H), 2.20-
2.29 (m, 1H), 2.40-2.47 (m, 2H), 2.55-2.59 (q, /=7 Hz 1H), 2.69-2.75 (m, 1H), 2.94-2.98
(td, /=9 Hz, /=2 Hz 1H), 3.99-4.12 (m, 2H); ESIMS found for C;;H;9BN>O7 m/z 302.8
(M+H).

HO (o) OH
41
[0198] 2-((3R,65)-3-(2-amino-4-(methylthio)butanamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 41 was isolated as the HCI salt. '"H NMR (CD;OD) & ppm
1.45-1.65 (m, 1H), 1.65-1.75 (m, 1H), 1.75-1.86 (m, 1H), 1.86-2.05 (m, 1H), 2.09-2.20
(m, 4H), 2.46-2.73 (m, 6H), 2.84-2.86 (t, /=6 Hz, 1H), 3.99-4.02 (t, J=7 Hz, 1H), 4.38-
4.46 (m, 1H); ESIMS found for C;1H21BN>OsS mi/z 287 (M-H,O)",
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6 at 10 iug/nmL 7 at 10 iug/nL ECL1003 Enterobacter cloacae Hyper AmpC
expression CZ Z Z Z Z ND ec310 Escherichia co/i E. cloacae - |like Amp-C
ACT- 1 CWwWOYoi/01485Z ECL004 Escherichia co/i pAnmpC CMWY- PRTETSZ01Y/0%69%7 Y Z
SA1000 Sal monella pAmpC CW2 C Z Z Y Y X ND KP1013

[0199] 2-((3R,65)-3-(2-(3,5-difluorophenyl)acetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 66 was isolated as the HCI salt. '"H NMR (CD;OD) & ppm
0.98-1.07 (q, J=13 Hz, 1H), 1.55-1.68 (m, 2H), 1.73-1.79 (dd, J=6 Hz, J=3 Hz, 1H), 2.22-
2.26 (dd, J=15 Hz, J=6 Hz, 1H), 2.33-2.38 (dd, J=13 Hz, /=7 Hz, 1H), 2.62-2.63 (m, 1H),
3.78 (s, 2H), 4.05-4.12 (m, 1H), 6.88-5.93 (tt, /=5 Hz, J=2 Hz, 1H), 6.97-7.01 (dd, J=5
Hz, J=2 Hz, 2H); ESIMS found for C4H;¢BF.NOs m/z 310.1 (M-H,0)".

[0200] The following compounds are prepared in accordance with the
procedure described in the above Example 1 starting from enantiomerically pure (R)-tert-

butyl 3-hydroxypent-4-enoate (J. Am. Chem. Soc. 2007, 129, 4175-4177) using methods

A and E.
o} O
O 5
HN

37

[0201] 2-((3R,65)-3-benzamido-2-hydroxy-1,2-oxaborinan-6-yl)acetic  acid
37. '"H NMR (CD;OD) $ ppm 1.10-1.19 (q, J=11 Hz, 1H), 1.60-1.65 (dd, J=14 Hz, J=3
Hz, 1H), 1.71-1.80 (td, /=9 Hz, J=3 Hz, 1H), 1.91-1.96 (d, /=14 Hz, 1H), 2.32-2.38 (dd,
J=15 Hz, J=6 Hz, 1H), 2.44-2.49 (dd, J=15 Hz, J=7 Hz, 1H), 2.82-2.84 (d, J=4 Hz, 1H),
4.10-4.17 (m, 1H), 7.57-7.60 (t, J=8 Hz, 2H), 7.70-7.73 (t, J=8 Hz, 1H), 8.00-8.02 (d, J=8
Hz 2H); ESIMS found for C;3H1sBNOs m/z 260 (M-H,0)".

[0202] The following compounds are prepared in accordance with the
procedure described in the above Example 1 starting from enantiomerically pure (R)-tert-
butyl 3-hydroxypent-4-enoate (J. Am. Chem. Soc. 2007, 129, 4175-4177) using methods
B and E.

o] o _B.
HO o OH
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Kl ebsi el I a pneunoni ae pAmpC CMY2 C Z Z Y Y Y ND EC1010 Escherichia co/i
pATPC CMY6 C Z Z Y Y Y Z EC1014 Escherichia co/i pAMpC DHAL CZ Y Y X X Z
EC1006 Eswbeoizmhi4ssco/i pAnpC FOX5 C Z Y Z Y Y Z ECL016PEIAIS0110MG987 co/ i
pAC FOX5 CZ2 Z Z Z

36
[0203] 2-((Z)-1-(2-aminothiazol-4-yl)-2-((3R,6S)-6-(carboxymethyl)-2-
hydroxy-1,2-oxaborinan-3-ylamino)-2-oxoethylideneaminooxy)-2-methylpropanoic acid
36 was isolated as the TFA salt. '"H NMR (CDs0OD) 6 ppm 1.60 (s, 3H), 1.61 (s, 3H),
1.62-1.75 (m, 2H), 1.77-1.82 (m, 1H), 1.86-1.91 (m, 1H), 2.55-2.58 (t, J=6 Hz, 2H), 2.90-
2.94 (t, J=6 Hz, 2H), 4.37-4.42 (m, 1H), 7.11 (s, 1H); ESIMS found for C,5H,;BN4OsS

m/z 411 (M-H,O0)".
%H
N
o)

o _Bl
HO (o] OH

38
[0204] 2-((3R,65)-2-hydroxy-3-(3-phenylpropanamido)- 1,2-oxaborinan-6-
yDacetic acid 38. '"H NMR (CD;0D) & ppm 0.78-0.87 (q, J=13 Hz, 1H), 1.40-1.46 (dd,
J=10 Hz, J=3 Hz, 1H), 1.54-1.62 (dt, /=8 Hz, /=4 Hz, 1H), 1.63-1.70 (d, J=13 Hz, 1H),
2.24-2.29 (dd, J=15 Hz, J=6 Hz, 1H), 2.36-2.40 (dd, /=8 Hz, J=3 Hz, 1H), 2.53-2.56 (d,
J=3.2 Hz, 1H), 2.74-2.78 (t, J=7 Hz, 2H), 2.98-3.01 (t, /=6 Hz, 2H), 3.90-4.03 (m, 1H),
7.18-7.23 (m, 1H), 7.25-7.33 (m, 4H); ESIMS found for C;5H20BNOs m/z 288 (M-H,0)".
0]

HNM
,B—O
N OHO
D
S
39

OH

H2N
[0205] 2-((3R,65)-3-(2-(2-aminothiazol-4-yl)acetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 39 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.25-1.36 (m, 1H), 1.63-1.76 (m, 3H), 2.40-2.43 (d, /=6 Hz 2H), 2.68-2.70 (m, 1H), 3.72
(s, 2H), 4.17-4.21 (m, 1H), 6.69 (s, 1H); ESIMS found for C;1H;6BN3OsS m/z 296.1 (M-
H,0)".

o
HO o OH
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Z ND ec309 Escherichia co/i E. cloacae - like Altp-C MR- 1 CZY Y XX Z
PAMR2005 Pseudononas aeruginosa anpC C Z Z Z Z Z Z PAM035 Pseudononas
aer ugi noswoan@2msxA:tet C Z Z Z Y Y Z KP1007 Kl ebsi el paTseundnioaes ESBL
OXA10 D Z Z Z Y Y Z KX1000 Kl ebsiella oxytoca ESBL OXA-

[0206] 2-((3R,65)-3-((Z)-2-(2-aminothiazol-4-yl)-2-
(methoxyimino)acetamido)-2-hydroxy-1,2-oxaborinan-6-yl)acetic acid 40 was isolated as
the TFA salt. '"H NMR (CD;OD) & ppm 1.56-1.67 (m, 2H), 1.76-1.81 (m, 1H), 1.86-1.90
(m, 1H), 2.50-2.54 (dd, J=17 Hz, J=6 Hz, 1H), 2.59-2.64 (dd, J=16 Hz, /=7 Hz, 1H),
2.86-2.90 (t, /=7 Hz, 1H), 4.22 (s, 3H), 4.34-4.37 (m, 1H), 7.86 (s, 1H); ESIMS found for
C12H17BN4O6S m/z 339.1 (M-H,0)".

= | NH,

H
N~ N

O . _B{
HO (o] OH

42
[0207] 2-((3R,6S)-3-(2-amino-3-(pyridin-3-yl)propanamido)-2-hydroxy-1,2-

oxaborinan-6-yl)acetic acid 42 was isolated as the TFA salt. '"H NMR (CD;0OD/CF;0,D)
O ppm 1.43-1.56 (m, 2H), 1.72-1.83 (m, 2H), 2.37-2.42 (m, 1H), 2.53-2.57 (t, J=6 Hz,
1H), 2.89-2.93 (t, J=7 Hz, 1H), 3.37-3.43 (m, 2H), 4.17-4.21 (t, J=7 Hz, 1H), 4.41-4.46
(m, 1H), 8.06-8.10 (dd, J=6 Hz, J=3 Hz, 1H), 8.53-8.57 (t, /=17 Hz, 1H), 8.80-8.81 (brd,
J=4 Hz, 1H), 8.84-8.87 (brd, /=6 Hz, 1H); ESIMS found for C;4H»BN;O0=m/z 304.2 (M-
H,0)".

HO” ~O OH
43
[0208] 2-((3R,6S)-2-hydroxy-3-(2-(pyridin-3-yl)acetamido)-1,2-oxaborinan-
6-yl)acetic acid 43 was isolated as the TFA salt. '"H NMR (CD;0D) & ppm 1.15-1.20 (m,
1H), 1.59-1.63 (m, 1H), 1.68-1.74 (m, 2H), 2.29-2.34 (dd, J=15 Hz, J=6 Hz, 2H), 2.66-
2.68 (m, 1H), 3.94 (s, 2H), 4.11-4.18 (m, 1H), 7.82-7.85 (dd, J=8 Hz, J=6 Hz, 1H), 8.30-
8.32 (d, /=8 Hz, 1H), 8.68-8.70 (brd, J=5 Hz, 1H), 8.72-8.75 (brs, 1H); ESIMS found for
C13H17sBN,O5 m/z 275 (M-H,0)".

NH
O
ot L
O _B.
HO (o) OH
45
[0209] 2-((3R,65)-2-hydroxy-3-((S)-piperidine-2-carboxamido)-1,2-

oxaborinan-6-yl)acetic acid 45 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.44-1.51 (m, 1H), 1.54-1.80 (m, 5H), 1.80-1.91 (m, 2H), 1.91-1.98 (brd, J=12 Hz, 1H),
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2 DZZYYYY ABLO54 Aci netobacter baumannii OXA- carbapenemase OXA- 23 D
Z Z Z Z Z Z AB1052 Aci netobacter baumannii OXA- carbapenemase OXA- 24 D Z Z
Z Z Z ND wa20BMm2A55net obact er baunannii OXA- car bapenenR€e&/USXNIB40O5Z Z Z Z
Z Z X =MCof 11.1g/nlL or |ess. = MC of greater than 11.1g/nL to 8

vg/
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sel ect ed13y), @99-'3@%9@& cenben, LS B am>9 3-8 BbsdchassHef 1aNt3 MW-9ighgad, Among
them are serine carbapenenases that belong to class A and class D. Bi apenem

pot ent i at el Hs, Kdudi.eldli A.34t4.38 (18, EHitptediSnigurdfordisHedMNSsenemntTedf r om

t hese clagﬁ8§.using CB assays. Various cyclic boronic acid ester
derivatives showed significant potentiation of bi apenem agai nst the strains
expressing class A carbapenengs

APC8 (m nimal potentiation concentration
of cyclic boronic acid ester
8-fold) varied fromO0.02 i_tg/

Lva i VH n/nL) to reduce the M C of Bi apenem
L o Q1 (Table 4). Cyclic boronic
acid ester derivatives were capable & %@ &i apenem M Cs up to

1000-fol d (Table 4). TABLE 4

46
[0210] 2-((3R,65)-2-hydroxy-3-((R)-1,2,3,4-tetrahydroisoquinoline-3-

carboxamido)-1,2-oxaborinan-6-yl)acetic acid 46 was isolated as the TFA salt. '"H NMR
(CD50D) 6 ppm 1.43-1.51 (m, 1H), 1.56-1.63 (m, 1H), 1.75-1.83 (m, 1H), 1.86-1.94 (m,
1H), 2.46-2.57 (dq, J=16 Hz, J=6 Hz, 2H), 2.82-2.86 (t, /=7 Hz, 1H), 3.18-3.24 (dd, J=17
Hz, J=12 Hz, 1H), 3.36-3.41 (dd, J=17 Hz, J=5 Hz, 1H), 4.21-4.24 (dd, J=18 Hz, J=13
Hz, 1H), 4.36-4.40 (m, 1H), 4.42 (s, 2H), 7.23-7.25 (m, 1H), 7.27-7.33 (m, 3H); ESIMS
found for C;¢H,BN,Os m/z 315 (M-H,0)".

NH,

H H
H,N NM(N
T TR
NH O _B._
HO (0] OH
47

[0211] Following method E while the compound is still in 90% aq.
trifluoroacetic acid (10 mL), 10% Pd/C (50 mg) was added. The reaction mixture was
stirred under hydrogen for 6 h, filtered through Celite and rinsed with dichloroethane (10
mL). The filtrate was concentrated under vacuum and azeotroped with dichloroethane (2
X 10 mL). Triturating with ether resulted in a precipitate which was filtered and washed
with  ether (5 mlL) and dried to give 2-((3R,65)-3-((R)-2-amino-5-
guanidinopentanamido)-2-hydroxy-1,2-oxaborinan-6-yl)acetic acid 47 as the TFA salt (50
mg) as an off-white solid. '"H NMR (CDs0OD) 6 ppm 1.39-1.46 (m, 1H), 1.52-1.58 (m,
1H), 1.66-1.77 (m, 2H), 1.77-1.84 (m, 1H), 1.87-1.95 (m, 3H), 2.34-2.38 (dd, J=17 Hz,
J=3 Hz, 1H), 2.63-2.68 (dd, /=17 Hz, /=7 Hz, 1H), 2.94-2.97 (dd, J=10 Hz, J=6 Hz, 1H),
3.20-3.24 (dt, /=7 Hz, J=2 Hz, 2H), 3.86-3.88 (t, /=6 Hz, 1H), 4.27-4.31 (m, 1H); ESIMS
found for C1,H24sBNsOs m/z 312.2 (M-H,0)".

H
H,N N
PO
o . _BJ
HO o OH
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Strain Organi sm Description PCR O ass Conpound MPC8 ECL1004 Enterobacter
cl oacae Serine carbapenemase NMC-A A 1 Y ECL007 Escherichia coli Serine
car bapenewaze1MR@s3 A 1 X KP1004 Kl ebsi el |l a pneunpni ae Bemiuseoigasdyapenenase
KPC-2 A 1 Y SMIOOO Serratia marcescens Serine carbapenenase SME-2 A1 Y

Escher i chia coNEIEr et R AP AREARED R A kB E 30 i e ol | o

pneunoni agxapRkihAe 65aaBARENGAES Svas isolated as the TFA salt. 'H NMR (CD:OD) & ppm
1.38-1.46 (m, 1H), 1.46-1.54 (m, 1H), 1.71-1.78 (m, 1H), 1.84-1.92 (m, 1H), 2.30-2.34
(dd, J=16 Hz, J=4 Hz, 1H), 2.56-2.61 (dd, J=16 Hz, /=6 Hz, 1H), 2.80-2.83 (t, /=6 Hz,
1H), 2.89-2.97 (non, J=7 Hz, 2H), 3.17-3.24 (non, J=5 Hz, 2H), 3.37 (s, 2H), 4.15-4.20
(m, 1H); ESIMS found for C;oH;9BN>OsS m/z 273 (M-H,0)".

ZT

X 0
o, .
HO (o] OH
49
[0213] 2-((3R,65)-2-hydroxy-3-(2-(pyridin-4-yl)acetamido)- 1,2-oxaborinan-

6-yl)acetic acid 49 was isolated as the TFA salt. '"H NMR (CD;0D) & ppm 1.17-1.27 (m,
1H), 1.60-1.67 (m, 1H), 1.67-1.76 (m, 2H), 2.32-2.43 (m, 2H), 2.68-2.70 (t, /=4 Hz, 2H),
3.22-3.26 (t, /=7 Hz, 1H), 4.15-4.21 (m, 1H), 7.94-7.96 (d, J=7 Hz, 2H), 8.75-8.79 (d,

J=6 Hz, 2H); ESIMS found for C;3H;7BN,Os m/z 275.1 (M-H,0)".
H

\ N
K ‘Y o
W O _B.
H,N HO™ O OH

50
[0214] 2-((3R,65)-3-(2-(4-aminocyclohexyl)acetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 50 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.15-1.25 (m, 1H), 1.44-1.88 (m, 10H), 2.05-2.13 (m, 1H), 2.19-2.21 (d, J=8 Hz, 1H),
2.30-2.36 (dd, J=6 Hz, 1H), 2.38-2.47 (m, 3H), 2.61-2.63 (brd, /=3 Hz, 1H), 3.18-3.22 (t,

J=7 Hz, 1H), 4.04-4.11 (m, 1H); ESIMS found for C;4H>sBN>Os m/z 295.1 (M-H,0)".
NH,

H
N
0o
HO 0] OH

51
[0215] 2-((3R,65)-3-(2-(1-aminocyclohexyl)acetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 51 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.23-1.34 (m, 1H), 1.34-1.48 (m, 1H), 1.48-1.86 (m, 12H), 2.40-2.50 (m, 2H), 2.65-2.83
(m, 2H), 3.22-3.26 (t, /=7 Hz, 1H), 4.11-4.18 (m, 1H); ESIMS found for C;4H>sBN,>Os

m/z 295 (M-H>O)".
H
o~ _N
. \[( o
Q«H 0 m
HO (0] OH
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KPC-2 A 2 X SMLOOO Serratia marcescens Serine carbapenemase SME-2 A2 Y
ECL1004 Ent erobacter cloacae Serine carbapenemase NMC-A A 3 X EC1007
Escheri chwea 20/621468r i ne car bapenenase KPC-3 A 3 X KP1002CKIUsShetilokdoar
pneunoni ae Serine carbapenemase KPC-2 A 3 X KP1008 Kl ebsi el | a pneunoni ae
Serine carbapenemase KPC-2 A 3 X SMLOOQ.Serrati a marcescens Serine

car bapenemase SME-2 A 3 Y AB 1052 Aci netobacter baumannii OXA- car bapenemase

OXA-24 D 3 [0216]  2-((3R,6S)-2-hydroxy-3-(2-((R)-piperidin-2-yl)acetamido)-1,2-
oxaborinan-6-yl)acetic acid 52 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.27-1.37 (m, 1H), 1.49-1.80 (m, 7H), 1.86-2.00 (brdd, J=11 Hz, 3H), 2.44-2.46 (d, J=6
Hz, 2H), 2.61-2.65 (m, 1H), 2.72-2.73 (d, J=6 Hz, 1H), 3.03-3.09 (t, /=13 Hz, 1H), 3.41-
3.45 (d, J=13 Hz, 1H), 3.47-3.56 (m, 1H), 4.15-4.21 (m, 1H); ESIMS found for
C13H2:BN,Os m/z 281 (M-H,0)*.

HO™ ~O OH
53
[0217] 2-((3R,65)-2-hydroxy-3-(2-((S)-piperidin-2-yl)acetamido)-1,2-
oxaborinan-6-yl)acetic acid 53 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
1.26-1.35 (m, 1H), 1.48-1.59 (m, 1H), 1.59-1.68 (m, 2H), 1.68-1.81 (m, 3H), 1.87-2.00
(m, 3H), 2.45-2.47 (d, /=7 Hz, 2H), 2.65-2.67 (t, J=4 Hz, 1H), 2.74-2.76 (t, J=6 Hz, 2H),
3.03-3.08 (dt, /=13 Hz, /=3 Hz, 1H), 3.42-3.46 (brd, J=13 Hz, 1H), 3.47-3.55 (m, 1H),
4.12-4.19 (m, 1H); ESIMS found for C;3H,3;BN>Os m/z 298.1 (M+H).

H
N
NN o
\9/ O _B.
HO™ O OH
54

[0218] 2-((3R,65)-2-hydroxy-3-(2-(2-phenyl-1H-imidazol-1-yl)acetamido)-
1,2-oxaborinan-6-yl)acetic acid 54 was isolated as the TFA salt. '"H NMR (CD;OD) &
ppm 1.36-1.44 (m, 1H), 1.44-1.54 (m, 1H), 1.66-1.80 (m, 2H), 2.15 (s, 1H), 2.48-2.51 (m,
J=6 Hz, 1H), 2.72-2.75 (t, J=7 Hz, 1H), 4.33-4.39 (m, 1H), 4.94-5.05 (m, 2H), 7.65-7.76
(m, 7H); ESIMS found for C7H,,BNzOs m/z 358.2 (M+H).

’/< HN
f N OHO o

55
[0219] 2-((3R,6S)-2-hydroxy-3-(3-(2-methyl-1H-benzo[d]imidazol-1-
yl)propanamido)-1,2-oxaborinan-6-yl)acetic acid 55. '"H NMR (CD;OD) & ppm 0.92-1.00
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Z AB 1054 Aci netobacter baumannii OXA-car bapenenmase OXA-23 D 3 Z AB1057 A
ci net obacter baumannii OXA-car bapenemase OXA-58 D 3 Z ECL1004 Ent erobacter
cl oacae SEpi20R/RMsBapenemase NMC-A A 4 X ECL007 Escheri edraisealio46d8t i ne
car bapenemase KPC-3 A 4 X WD 2012/ 021455PCT/ US2011/ 046957 Strain Organi sm

Descri ption n P1004, Kl | el | e ni rine
car bapen e&ﬁs E&Eﬂgéf% gr%;q %ﬂ%g@@e@ et agﬁﬁgﬁr@n ijz%@ q’%e &?ﬁeﬁ ggrzb%;pgé’n enase
KPC- 2 A 47X Hz, 1H), 2.97 (s, 3H), 3.08-3.20 (m, 2H), 4.04-4.10 (m, 1H), 4.77-4.81 (t, J=6 Hz,

2H), 7.61-7.68 (m, 2H), 7.75-7.78 (d, J=7 Hz, 1H), 7.93-7.95 (d, J=7 Hz, 1H); ESIMS

found for C17H22BN305 m/z 342.2 (M-H20)+.

N

N H

- Nw
O _B
HO” ~O OH
56

[0220] 2-((3R,65)-3-(4-((1H-tetrazol-1-yl)methyl)benzamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 56. 'H NMR (CD;OD) & ppm 1.10-1.21 (m, 1H), 1.58-1.64
(m, 1H), 1.70-1.79 (m, 1H), 1.89-1.96 (m, 1H), 2.31-2.36 (dd, J=15 Hz, J=6 Hz, 1H),
2.41-2.47 (m, 1H), 2.80-2.83 (brd, /=4 Hz, 1H), 4.11-4.17 (m, 1H), 5.83 (s, 2H), 7.53-
7.55 (d, J=8 Hz, 2H), 8.02-8.05 (d, J=8 Hz, 2H), 9.30 (s, 1H); ESIMS found for
C1sH1sBNsOs m/z 342.0 (M-H,0)".

HO” "0 OH
57

[0221] 2-((3R,65)-2-hydroxy-3-(2-(pyridin-2-yl)acetamido)- 1,2-oxaborinan-
6-yl)acetic acid 57 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm 1.21-1.32 (m,
1H), 1.59-1.67 (m, 2H), 1.67-1.75 (m, 2H), 2.29-2.40 (m, 3H), 2.67-2.72 (m, 1H), 4.14-
4.21 (m, 1H), 7.62-7.66 (t, J=6 Hz, 1H), 7.70-7.73 (d, /=8 Hz, 1H), 8.14-8.18 (t, /=8 Hz,
1H), 8.65-8.67 (d, J=5 Hz, 1H); ESIMS found for C;3H;7BN,Os m/z 275.1 (M-H,0)".

[0222] The following compounds are prepared in accordance with the

procedure described in the above Example 1 using methods C and E.

HN
S
D@Y“
F 0
0 O _B.
HO (o] OH
58

[0223] 2-((3R,6S)-3-(1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxamido)-2-hydroxy-1,2-oxaborinan-6-yl)acetic acid 58 was
isolated as the TFA salt. '"H NMR (CDsOD) 6 ppm 1.14-1.29 (m, 3H), 1.39-1.44 (brd, J=7
Hz, 2H), 1.56-1.63 (dd, /=14 Hz, /=3 Hz, 1H), 1.70-1.80 (m, 1H), 1.92-1.99 (d, J=14 Hz,
1H), 2.33-2.38 (dd, J=15 Hz, J=6 Hz, 1H), 2.43-2.48 (dd, J=15 Hz, J=7 Hz, 1H), 2.85-
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SMLOOO Serratia marcescens Serine carbapenemase SVME-2 A 4 X AB 1052

Aci net obact er baunmannii OXA-car bapenemase OXA-24 D 4 Z AB 1054

Aci net obawoepn1iawdanni i OXA- car bapenemase OXA-23 D 4 Z RBIOBZ01A0#6981 obact er
baumanni i OXA- car bapenemase OXA-58 D 4 Z ECL1004 Ent er obacter cl oacae

oot bapenon A e e A SORB I DAL S a7 0 18 ED c4Pbdgdnenmse
KPC-2 A 5 BYLOO&k-Perr@t iy MBI ¢ASCE06-898 (dN8=CRIRANENESBS®s, 1H); ESIMS
found for C23H28BFN406 I’I’Z/Z 469.2 (M-H20)+.

59

[0224] 2-[(3R,65)-2-hydroxy-3-[(2S,3S,5R)-3-methyl-4,4,7- trioxo-3-(1H-
1,2,3-triazol-1 —ylmethyl)—4k6— thia-1-azabicyclo[3.2.0]heptane-2-amido]-1,2- oxaborinan-
6-yl] acetic acid 59. '"H NMR (CD;OD) & ppm 1.43 (s, 3H), 1.49-1.57 (m, 1H), 1.72-1.81
(m, 3H), 2.51-2.56 dd, J=15 Hz, J=6 Hz, 1H), 2.62-2.67 (dd, J=15 Hz, /=8 Hz, 1H), 2.80-
2.84 (m, 1H), 3.41-3.44 (dd, /=17 Hz, J/=2 Hz, 1H), 3.63-3.67 (dd, /=16 Hz, J=5 Hz, 1H),
4.37-4.44 (m, 1H), 4.61 (s, 1H), 4.90-4.94 (dd, J=5 Hz, J=2 Hz, 1H), 5.16-5.19 (d, J=15
Hz, 1H), 5.25-5.28 (d, J=15 Hz, 1H), 7.77 (s, 1H), 8.07 (s, 1H); ESIMS found for
C16H22BNsOsS m/z 438 (M-H,0O)".

HO (o) OH
60
[0225] 2-((3R,6S)-2-hydroxy-3-(3-(5-phenyl-1,3,4-oxadiazol-2-
yl)propanamido)-1,2-oxaborinan-6-yl)acetic acid 60. '"H NMR (CD;OD) & ppm 1.10-1.21
(m, 1H), 1.50-1.58 (dd, J=14 Hz, J=3 Hz, 1H), 1.59-1.68 (dt, J=11 Hz, J=5 Hz, 1H),
1.74-1.81 (brd, J=13 Hz, 1H), 2.22-2.26 (dd, J=15 Hz, J=6 Hz, 1H), 2.30-2.34 (dd, J=15
Hz, J=7 Hz, 1H), 2.63-2.64 (d, J=4 Hz, 1H), 3.01-3.12 (sex, J=7 Hz, 2H), 3.33-3.43 (sex,
J=7 Hz, 2H), 4.03-4.09 (m, 1H), 7.54-7.62 (m, 3H), 8.03-8.05 (d, /=8 Hz, 2H); ESIMS
found for C;7H,0BN;O¢ m/7 356.1 (M-H,0)".

H,N N
2 a | o
N o _B
X HO™ O OH
61

[0226] 2-((3R,65)-3-(2-(2-aminopyridin-4-yl)acetamido)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 61 was isolated as the TFA salt. '"H NMR (CD;OD) & ppm
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SME-2 A5 Y AB 1052 Aci netobacter baumannii OXA-car bapenemase OXA-24 D5 Z
AB 1054 Aci net obacter baumannii OXA-car bapenemase OXA-23 D 5 Z AB1057

Aci net obawoepn1iawdanni i OXA- car bapenemase OXA-58 D 5 Z ECIAGQ1/E8wmd98T obact er
cl oacae Serine carbapenemase NMC-A A 6 Y EC1007 Escherichia coli Serine

kP2 A 61 XSSO0 Sl laf T TP atbons ! et B dal baponemile | BELSI AR
(dd, J=15 Hz, J=7 Hz, 1H), 2.65-2.68 (t, /=4 Hz, 1H), 4.12-4.19 (m, 1H), 6.85-6.87 (d,
J=7 Hz, 1H), 6.99 (s, 1H), 7.81-7.82 (d, /=7 Hz, 1H); ESIMS found for C;3H;sBN3Os
m/z 290.1 (M-H,0)".

o
HO o OH

OH

[0227] Following method E, the reaction mixture was evaporated in vacuo,
azeotroped with MeCN (3 X 5 mL) and the residue was triturated with ether (5 mL). The
precipitate was filtered, dissolved in dioxane-water mixture and freeze dried to get 2-
((3R)-3-((Z)-2-(2-aminothiazol-4-yl)-2-((1,5-dihydroxy-4-oxo-1,4-dihydropyridin-2-yl)
methoxyimino)acetamido)-2-hydroxy-1,2-oxaborinan-6-yl)acetic acid 62 as the TFA (25
mg) salt as a fluffy solid. ESIMS found for C;7H20BNsOoS m/z 464.0 (M-H,0)".

[0228] Synthesis of 2-((3R)-3-amino-2-hydroxy-1,2-oxaborinan-6-yl)acetic
acid hydrochloride 7. An example synthesis of 7 is depicted in Scheme 10 and Example
2.

Scheme 10

LiHMDS
THF 3N HCI

Dioxane

fo) o -78 °C-rt o) o cl

™ 7

O\B 7< - O\B > e, Hafl

_—— 3!
7/
o’ o B—0 OH
H TBSO H

X

i< N(
TBSO HO (o]

XLI LI 7
Example 2
Step 1

[0229] 6-(tert-butoxy)-4-[(tert-butyldimethylsilyl )oxy]-1-chloro-6-oxo-1-
[(2S,6R)-2,9,9-trimethyl-3,5-dioxa-4-boratricyclo[6.1.1.02,6]decan-4-yllhexane XLI
(515 mg, 0.97 mmol) in THF (5§ mL) was cooled to -78°C under nitrogen. A solution of
LiHMDS (1 mL, 1.0 M in THF, 1 mmol, 1.0 eq) was added slowly and the reaction flask
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Y AB 1052 Aci netobacter baumannii OXA-car bapenenase OXA-24 D 6 Z AB 1054
Aci net obact er baunmannii OXA- car bapenemase OXA-23 D 6 X AB1057 Aci net obacter
baumanni iwoxsr2eRL458penenase OXA-58 D 6 Z X = MPC8 of | ePE€TIUSamM 1046067 vg/ mi.
Y = MPC8 of 0.161.1g/nL to 1 vg/nL. Z = MPC8 of greater than 1 vg/nL.
Exanpl e 12 0275] The ability of 13-1actamgse inhibitors ta . inhibi

yr ol ysi SeseaaTDHER i Rah i DL ERE RS g T I8 fuotls 5 8ar ed
from bact efigorE%RS eskeRPat¥@uh @t Seddel FFLHPBIE BiRSarPoi$ O WTEP hekarRNZY HEIS)
Bacterial |ysates were prepared as follows. A'single colony fromthe fresh
over - ni ghtaphddead taghe prlangfesipitets foomed. Mhipfvas Brcridtcnedathdouphoviglite endBB00 =
0. 6-0. 8. X this culture s transferred t 00 .m_ .of . and wn to
000 = ol somteliite NG SRR ARRLE bafhvs bR PR LusEaBe . 1
rotor) fobutbéy)ni-{l(waresu@tdim@mmsnfemqnastwoel-[@lsgsmem,ettrimm 1sFugipended in 10
m. of PBS. Five freeze-thaw cycles b Eutti ng cells at -ZgC and thaw ng

t hem at th@aﬁt?dﬁ]\o{@hfﬂ)é)ﬂeﬁ]@ﬁcén\ﬂﬂlﬂleﬁéix Hoplied. After the last thaw step
cells vvergtfrriun down at 18K for 30 m nutes and the supernatant was

col | ect ed: s lysate was stored at -20C. [0276] Next, the activity of
bacteri al |ysaji230has Tt procedde fioridagictilar diargoant iibiExpmpem] cinethvade. as
follows. 50 ill of buffer A (50 nmM Sodi um Phosphate pH=7; _0.5% gl ucqse, 1
mM MyC12) CREOuHEdVsoiselated anel Whise PoBdsiet 20uRe ¢ ahd purintd playisldsol | | of
| ysate wa bt i R () I C ! ernate; g-fol d
| ysate di ﬁlj\{ﬂ:{cgggﬁ%&\éﬁéﬂllqbfﬁ %8?1@ er §%§6gd7c?te§n’t gjﬂég?r?t gg?ﬁ& élplg’cle'%7i n

pl ate reads8pd (at, I3HC2402.7TIncob3t e d.Fdo4.54 Smpril Alpt BSIMS Gourld foofCsb:BN®.g il

sol utions l@?tg@ ime or biapenemin buffer A (pre-incubated at 37C for
15 m nut e%? A d to each well. Hydrolysis of ceftazidinme and bi apenem
was measured afp23%f !"@y’ﬁﬂﬁasi%g@fnm_((3’1@_52135?&&(@3XQ—(Mﬁleﬁ&pﬁchﬁﬁﬁﬁdd/)’als,}U5Ed
to determne the optimal |ysate dilution which produced a |inear curve of
rel ati ve Oxabsrepanl7-ylhescticlaci dds edntesamplsr oxithesis elf Y3O0P-pBRLed. B ¥hemell lhour .
[0277] Fi na(“é%/ tlh potency of cyclic boronic acid ester derivative to

i nhibit tAY dé%%ée of ceftazidi ne and bi apenem cl eavage by bacteri al

| ysates was determ ned. 100 ill of buffer A (50 nM Sodi um Phosphate pH=7;
0.5% gl ucose, 1 mM MyCl2) was added to each well of 96-well UV-transparent
pl ate. 50Sghamegkl 6 x cyclic boronic acid ester derivative solution in
buffer A \A/ﬂ%oti trated vertically in 96-well plate colum to generate 3-fold

gi | uti onsd | i11~of ¢liluted |ysat e i 3 bm (optlio/nadICHdi | uti I So
eterm ned_jesq ex ﬁlnﬂa abéﬁ%giiﬁddg—ar o N tepﬂ—g%g—\%\ﬂs" e mimaﬂé in
the plate oeﬁkrgat 37%&\‘ or m nut es%SOoi | | EPU 50 | _tg/nL F’gol ut i ongsof
ceftazi di re or " bi apet@m in buffer A (pre-incibated at 37C for 15 Aifutes)
were next added to each well and hydrolysis of ceftazidinme or bi PenSINas
recorded at 250 nm and 296 nm respectively. EC50 of inhibition &
determ ned by plotting the rate of ceftazidime or biapenem cl eavpge vs.
cyclic boronic acid ester derivative concentration. [0278] The results of
these experinents are presented in Table 5 and Table 6. These experinents

denponstrate that th& described conpounds are?jphibitors wijthya A
O'Bu o BullZnGl Rile] O'Bu m Rle] O'Bu
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3456 7 KP1005 Kl ebsi el l a pneunoni ae ESBL CTX-M 14 A X Z  ZXYZ KP1009
Kl ebsi el | a pneunoniae ESBL CTX-M 15 A X Z ZXYY pa 1063 Pseudonobnas

aer ugi noSWOEBBBINGES-1 AY  ZYXYY  KP1004 Kl ebsi el | a pREuisee1am468T i ne
car bapenemase KPC-2 A Z XX XX Z KP1008

Example 3

Step 1
[0232] To a solution of fert-butyl 3-hydroxypent-4-enoate, XLVI (674 mg,

3.92 mmol) in DCM (15 mL) was added diisopropylallylboronate XLV(2 g, 11.76
mmol) via syringe. To the mixture was then added Grubbs’ first generation catalyst (260
mg, 0.31 mmol, 7.5 mol%) and the vessel was purged with argon. The reaction was
heated at 65 °C under nitrogen for 18h. The mixture was concentrated under vacuum and
the residue was purified by flash column chromatography (100% hexane—30%
EtOAc/hexane) to afford fert-butyl 2-(2-hydroxy-3,6-dihydro-2H-1,2-oxaborinin-6-
yDacetate XL VII (770 mg, 3.63 mmol, 92.7% yield).

Step 2

[0233] To a solution of tert-butyl 2-(2-hydroxy-3,6-dihydro-2H-1,2-
oxaborinin-6-yl)acetate XLVII (670 mg, 3.16 mmol) in EtOAc (45 mL) was added 10%
Pd/C (135 mg). The vessel was evacuated by applying vacuum and flushed with hydrogen
gas. The reaction was stirred under hydrogen for 2 h. The mixture was filtered through a
Celite pad and which was washed with additional EtOAc (15 mL). Concentration of the
filtrate gave pure tert-butyl 2-(2-hydroxy-1,2-oxaborinan-6-yl)acetate XLVIII (641 mg,
3.00 mmol, 94.8% yield).

Step 3
[0234] To a solution of tert-butyl 2-(2-hydroxy-1,2-oxaborinan-6-yl)acetate

XLVIII (641 mg, 3.00 mmol) in THF (20 mL) was added (1 S,2S5,3R,55)-2,6,6-
trimethylbicyclo[3.1.1]heptane-2,3-diol (509 mg, 3 mol) at room temperature. The
reaction mixture was stirred for 16 h and concentrated under vacuum. The residue was
purified by column chromatography (100% hexane—40% EtOAc/hexane) on silica gel to
give tert-butyl 3-hydroxy-6-[(1R,2R,6S,8R)-6,9,9- trimethyl-3,5-dioxa-4-
boratricyclo[6.1.1.02’6]decan—4—y1]hexanoate XLIX (790 mg, 2.16 mmol, 71.9% yield).

Step 4
[0235] To a solution of alcohol XLIX (790 mg, 2.16 mmol) in DMF (7.5 mL)

was added imidazole (548 mg, 8.06 mmol) followed by TBDMSCI (580 mg, 3.87 mol).
The reaction mixture was stirred at room temperature for 16 h and concentrated under

vacuum. The white slurry was dissolved in 100 mL of EtOAc and washed with saturated
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Kl ebsi el | a pneunoni ae Serine carbapenemase KPC-2 A Z YX XX Z EC1007
Escherichia coli Serine carbapenenase KPC-3 A Z YX XX Z KP1010 Kl ebsiella
pneunoni OEBBBI028ITY- 12 A X  ZZYZ Z KP1012 Kl ebsi el | a pa@irseoilaes9ESBL
SHV-18 A X  ZZYYZ ec306 Escherichia coli First ESBL described SHv-2 AY

22YYZ NaHCO; solution (20 mL), water (2 X 10 mL) and dried (Na,SO,). The organic extract
was concentrated under vacuum and the residue was purified by column chromatography
(100% hexane—30% EtOAc/hexane) on silica gel to give fert-butyl 3-[(tert-
butyldimethylsilyl)oxy]-6-  [(1R,2R,6S,8R)-6,9,9-trimethyl-3,5-dioxa-4-  boratricyclo
[6.1.1.02’6]decan—4—y1]hexanoate L (1 g, 2.08 mmol, 96.3% yield).

Step 5
[0236] To a solution of DCM (0.26 mL, 4.16 mmol) in THF (5 mL) at -100°C

was added 2.5 M r-butyl lithium in hexane (1 mL, 2.5 mmol) slowly under nitrogen and
down the inside wall of the flask whilst maintaining the temperature below -90°C. The
resulting white precipitate was stirred for 30 minutes before the addition of L (1 g, 2.08
mmol) in THF (3 mL) at -90°C. Zinc chloride (5 mL, 0.5 M in THF, 2.5 mmol) was then
added to the reaction mixture at -90°C and then the reaction was allowed to warm to room
temperature where it was stirred for 16 h. The reaction was quenched with a saturated
solution of ammonium chloride and the phases were separated. The aqueous phase was
then extracted with diethyl ether (2 x 10 mL) and the combined organic extracts were
dried over Na,SOy,, filtered and concentrated under reduced pressure. The concentrated
material was then chromatographed (100% hexane—20% EtOAc-hexane) to obtain tert-
butyl (7S)-3-[(tert-butyldimethylsilyl)oxy]-7- chloro-7-[(1R,2R,6S,8R)-6,9,9-trimethyl-
3,5-dioxa-4- boratricyclo[6.1.1.02’6]decan—4—yl]heptanoate LI (740 mg, 1.40 mmol, 67.2%
yield).

Step 6
[0237] Chloro intermediate LI (727 mg, 1.37 mmol) in THF (7 mL) was

cooled to -78°C under nitrogen. A solution of 1M LiHMDS solution in THF (1.37 mL,
1.37 mmol) was added slowly at -78°C. Upon completion of the addition, the reaction
flask was allowed to warm to room temperature. After stirring at room temperature for 16
h, the reaction mixture was concentrated under vacuum and hexane (20 mL) was added.
The precipitated lithium salts were filtered off through a Celite pad, rinsed with additional

hexane and the combined filtrates were concentrated under vacuum to give crude fert-

butyl (75)-7-[bis(trimethylsilyl)amino]-3- [(tert-butyldimethylsilyl)oxy]-7-
[(1R,2R,6S,8R)- 6,9,9-trimethyl-3,5-dioxa-4- boratricyclo[6.1.1 .02’6]decan—4—
yl]heptanoate LII.
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ec308 Escherichia coli Common SHV ESBL SHV-5 A X 272777 ec302
Escherichia coli Comon ESBL in US TEM 10 A X YZXYY ec303 Escherichia
coli Conrwo 2BE8BI21458 US TEM 12 A X 2ZYZY ec304 EschePCthiSa01a.0k695ToNMMON
ESBL in US TEM26 A X Z ZYYY ec300 Escherichia coli Common ESBL in

France TEM X

[0238] To a stirred solution of 2-thiophenacetic acid (232 mg, 1.64 mmol) in
DCM (45 mL) at 0°C under nitrogen was added EDCI (391 mg, 2.05 mmol) and HOBT
(221 mg, 1.64 mmol). After stirring at 0°C for 30 minutes, a solution of the bis-silyl
amide LII intermediate (1.37 mmol) in DCM (10 mL) followed by N-methyl-morpholine
(0.3 mL, 2.74 mmol) were sequentially added at 0°C. Upon completion of the addition,
the reaction flask was allowed to warm to room temperature. After stirring at room
temperature overnight, the reaction mixture was washed with water, dried and
concentrated under vacuum. The residue was purified by column chromatography (100%
DCM—50% EtOAc/DCM) to afford tert-butyl (7S)-3-[(fert-butyldimethylsilyl)oxy]-7-
[2-(thiophen-2-yl)acetamido]-7-[(1R,2R,6S,8R)- 6,9,9-trimethyl-3,5-dioxa-4-
boratricyclo[6.1.1.02’6]decan—4—y1]heptanoate LIII (340 mg, 0.54 mmol, 39.4% yield for 2
steps).

Step 8
[0239] To a solution of amide LIII (300 mg, 0.47 mmol) in 1,4-dioxane (9

mL) was added 9 mL of 3 N HCI. The reaction mixture was heated at reflux for 90
minutes. The cooled reaction mixture was then diluted with water (10 mL) and extracted
with diethyl ether (2 x 10 mL). The aqueous layer was concentrated to afford a sticky
solid which was azeotroped with MeCN (3 X 10 mL). The residue was dissolved in 40%
dioxane-water and lyophilized to afford 2-((3R)-2-hydroxy-3-(2-(thiophen-2-
yDacetamido)-1,2-oxaborepan-7-yl)acetic acid 63 as an off-white solid (100 mg, 32.1
mmol, 68.4% yield). '"H NMR (CD;0D) & ppm 1.21-1.38 (m, 2H), 1.42-1.60 (m, 2H),
1.60-1.72 (m, 1H), 1.80-1.94 (m, 1H), 2.32-2.47 (m, 2H), 2.54-2.58 (dd, J=15 Hz, J=6
Hz, 1H), 3.97-3.98 (d, /=8 Hz, 1H), 4.05 (s, 2H), 6.97-7.01 (m, 1H), 7.02-7.10 (m, 1H),
7.33-7.37 (m, 1H); ESIMS found for C13H;sBNOsS m/z 294.0 (M-H,0)".

[0240] Synthesis  of  2-((3R)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-
2,3,4,7-tetrahydro-1,2-oxaborepin-7-yl)acetic acid 64. An example synthesis of 64 is
depicted in Scheme 12 and Example 4.
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Dioxane
Example 4
Step 1

DCM

[0241] To a stirred solution of fert-butyl 2-(2-hydroxy-3,6-dihydro-2H-1,2-
oxaborinin-6-yl)acetate XLVII (770 mg, 4.58 mmol) in THF (25 mL) was added (1
S,25,3R,55)-2,6,6-trimethylbicyclo[3.1.1]heptane-2,3-diol (980 mg, 4.58 mmol) at room
temperature. The reaction mixture was stirred for 16 h and concentrated under vacuum.
The residue was
EtOAc/hexane) on silica gel to give fert-butyl (4Z)-3-hydroxy-6-[(1R,2R,6S,8R)-6,9,9-
trimethyl-3,5-dioxa-4- boratricyclo[6.1.1.02’6]decan—4—yl]hex—4—enoate LIV (1 g, 2.75
mmol, 59.9% yield).

purified by column chromatography (100% hexane—30%

Step 2
[0242] To a solution of alcohol LIV (650 mg, 1.78 mmol) in DMF (10 mL)

was added imidazole (484 mg, 7.12 mmol) followed by TBDMSCI (534 mg, 3.56 mol).

The reaction mixture was stirred at room temperature for 16 h and concentrated under
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OXA-2 D X Z ZXYZ WO 2012/ 021455PCT/ US2011/ 046957 TABLE 6 Strain
Organi sm Description PCR Cass ICso (11011L) of inhibition of biapenem
hydr ol ysiwo 2012/02T#2obactam 3 4 5 6 7 EC1007 Escheri chi aPCTASR01$O#G95T
car bapenemase KPC-3 A Z Y Y X X Z KP1004 Kl ebsi el |l a pneunoni ae Seri ne
car bapene\rfrzﬁ:su%m'.(ﬁ%é 2vvh'?\tezsluzrer %(vas Xissolved in 100 mL of EtOAc and washed with water (2
X 10 mL), brine and dried (Na,SO,). The organic extract was concentrated under vacuum
and the residue was purified by column chromatography (100% hexane—20%
EtOAc/hexane) on silica gel to give tert-butyl (4Z)-3-[(fert-butyldimethylsilyl)oxy]-6-
[(IR,2R,6S,8R)-6,9,9-trimethyl-3,5-dioxa-4- boratricyclo[6.1.1 .02’6]decan—4—yl]hex—4—

enoate LV (800 mg, 1.67 mmol, 93.9% yield).

Step 3
[0243] To a solution of DCM (0.3 mL, 4.68 mmol) in THF (8 mL) at -100°C

was added 2.5 M n-butyl lithium in hexane (1.12 mL, 2.8 mmol) slowly under nitrogen
and down the inside wall of the flask whilst maintaining the temperature below -90°C.
The resulting white precipitate was stirred for 30 minutes before the addition of LV (1.12
g, 2.34 mmol) in THF (3 mL) at -90°C and the reaction was allowed to warm to room
temperature where it was stirred for 16 h. The reaction was quenched with a saturated
solution of ammonium chloride and the phases were separated. The aqueous phase was
then extracted with diethyl ether (2 x 10 mL) and the combined organic extracts were
dried over Na,SOy,, filtered and concentrated under reduced pressure. The concentrated
material was then chromatographed (100% hexane—20% EtOAc/hexane) to obtain tert-
butyl (4Z,7S)-3-[(tert-  butyldimethylsilyl)oxy]-7-chloro-7-[(1R,2R,6S,8R)- ~ 6,9,9-
trimethyl-3,5-dioxa-4- boratricyclo[6.1.1.02’6]decan—4—yl]hept—4— enoate LVI (820 mg,
1.56 mmol, 66.5% yield).

Step 4
[0244] Chloro intermediate LVI (790 mg, 1.49 mmol) in THF (10 mL) was

cooled to -78°C under nitrogen. A solution of 1M LiHMDS solution in THF (1.5 mL, 1.5
mmol) was added slowly at -78°C. Upon completion of the addition, the reaction flask
was allowed to warm to room temperature. After stirring at room temperature for 16 h,
the reaction mixture was concentrated under vacuum and hexane (20 mL) was added. The
precipitated lithium salts were filtered off through a Celite pad, rinsed with additional

hexane and the combined filtrates were concentrated under vacuum to give crude fert-

butyl (4Z,7S)-7-[bis(trimethylsilyl)amino]-3- [(tert-butyldimethylsilyl)oxy]-7-
[(IR,2R,6S,8R)- 6,9,9-trimethyl-3,5-dioxa-4- boratricyclo[6.1.1 .02’6]decan—4—yl]hept—4—
enoate LVII.
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Step 6
[0240] A solution of amide LVIII (100 mg, 0.15 mmol) in anisole (5 mL) at

0°C was treated with pre-cooled 90% aq trifluoroacetic acid (10 mL). The reaction
mixture was warmed to room temperature and stirred for 16 h. The mixture was
evaporated in vacuo, azeotroped with MeCN (3 X 5 mL). The residue was sonicated in
water (10 mL) and ether (10 mL). The aqueous phase was separated, washed with ether (2
X 5 mL) and freeze dried to give fluffy solid 2-((3R)-2-hydroxy-3-(2-(thiophen-2-
yDacetamido)-2,3,4,7-tetrahydro-1,2-oxaborepin-7-yl)acetic acid 64 (15 mg, 0.05 mmol,
32.3% yield). "H NMR (CD;OD) & ppm 2.23-2.35 (m, 2H), 2.40-2.61 (m, 2H), 2.76-2.83
(m, 1H), 3.96-4.03 (m, 1H), 4.10 (s, 2H), 5.34-5.40 (m, 1 H), 5.53-5.74 (m, 1H), 6.97-
7.08 (m, 2H), 7.32-7.39 (m, 1H); ESIMS found for C;3H;sBNOsS m/z 292 (M-H,0)".
[0247] Synthesis of ethyl 2-((3R,65)-2-hydroxy-3-(2-(thiophen-2-
yl)acetamido)-1,2-oxaborinan-6-yl)acetate 65. An example synthesis of 63 is depicted in

Scheme 13 and Example 5.
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Example 5

Step 1
[0248] To a solution of 5 (400 mg, 1.35 mmol) in 4 mL of absolute ethanol

was added anhydrous 1M HCI in EtOAc (4 mL, 4 mmol). The reaction was stirred at
room temperature for 16 h. The mixture was then concentrated and azeotroped with
acetonitrile (3 X 10 mL) to give a sticky solid. Ether (10 mL) was added to the azeotroped
sticky solid and the resulting precipitate was filtered. The filtered solid was rinsed with
additional ether (5 mL) and dried to give ethyl 2-((3R,65)-2-hydroxy-3-(2-(thiophen-2-
yl)acetamido)-1,2-oxaborinan-6-yl)acetate 65 (300 mg, 0.92 mmol, 68.5% yield). 'H
NMR (CD;0D) 6 ppm 0.98-1.09 (q, /=14 Hz, 1H), 1.23-1.26 (t, /=7 Hz, 3H), 1.49-1.54
(dd, J=14 Hz, J=3 Hz, 1H), 1.57-1.64 (dt, /=11 Hz, J=2 Hz, 1H), 1.72-1.78 (brd, J=14
Hz, 1H), 2.24-2.28 (dd, J=15 Hz, /=6 Hz, 1H), 2.34-2.39 (dd, J=15 Hz, /=8 Hz, 1H), 2.63
(brs, 1H), 3.99 (s, 2H), 4.07-4.13 (q, J=4 Hz, 3H), 6.99-7.01 (t, /=4 Hz, 1H), 7.05-7.06
(d, /=3 Hz, 1H), 7.35-7.36 (dd, J=5 Hz, J=1.3 Hz, 1H); ESIMS found for C;,H>0BNOsS
m/z 308.1 (M-H,0)".

[0249] Synthesis of 2-((3R,7R)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-
2,3,4,7-tetrahydro-1,2-oxaborepin-7-yl)acetic acid 67. An example synthesis of 67 is
depicted in Scheme 14 and Example 6.
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Example 6

Step 1

[0250] Prepared starting from enantiomerically pure (R)-fert-butyl 3-
hydroxypent-4-enoate [J. Am. Chem. Soc. (2007), 129, 4175-4177] in accordance with the
procedure described in the above Step 1 of Example 3
Steps 2-7

[0251] Prepared in accordance with the procedure described in the above
Steps 1-6 of Example 4.

[0252] White fluffy solid (23 mg, 0.074 mmol, 47% yield). 'H NMR
(CD50D) ¢ ppm 2.29-2.31 (m, 1H), 2.40-2.68 (m, 4H), 4.10 (m, 2H), 4.74-4.82 (m, 1H),
5.35-5.38 (m, 1H), 5.53-5.58 (m, 1H), 6.98-7.05 (m, 2H), 7.32-7.36 (m, 1H); ESIMS
found for C13H;sBNOsS m/z 292 (M-H,0)".

[0253] Synthesis of 2-((3R,7S)-2-hydroxy-3-(2-(thiophen-2-yl)acetamido)-
2,3,4,7-tetrahydro-1,2-oxaborepin-7-yl)acetic acid 68. An example synthesis of 68 is
depicted in Scheme 15 and Example 7.
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Example 7

Step 1
[0254] Prepared starting from enantiomerically pure (§)-fert-butyl 3-

hydroxypent-4-enoate [J. Med. Chem., (2010), 53, 4654-4667] in accordance with the
procedure described in the above Step 1 of Example 3
Steps 2-7

[0255] Prepared in accordance with the procedure described in the above
Steps 1-6 of Example 4.

[0256] White fluffy solid (45 mg, 0.146 mmol, 39% yield). 'H NMR
(CD50D) 6 ppm 2.15-2.18 (m, 1H), 2.29-2.38 (m, 2H), 2.66-2.72 (m, 2H), 3.88-3.91 (m,
1H) 4.00 (s, 2H), 5.24-5.27 (m, 1 H), 5.57-5.63 (m, 1H), 6.87-6.96 (m, 2H), 7.24-7.28 (m,
1H); ESIMS found for C;3H;6BNOsS m/z 292 (M-H,0)".

[0257] Synthesis of 2-((3R,6S)-3-(benzyloxycarbonylamino)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 69. An example synthesis of 69 is depicted in Scheme 16 and

Example 8.

81-



N N

N N

N N

N N

2727272722722 27Z43 7272 ZYYY ZY 45 Z
ZZ
5 PCT/US2011/046957

s, \F: BaOCOCI '7<t s aqTia 0¥
C]:[zClz — Anisole HN a_g

TBSO TBSO HO o
LXTIT 69

s58
o NN
S NN
S NN
H NN
NN
NN
NN
NN
a8

Scheme 16

Example 8

Step 1
[0258] A solution of bis-silyl amide XLI (0.2 mmol) in DCM (5 mL) was

cooled to 0°C and benzyl chloroformate (0.056 mL, 0.4 mmol) was added. Then, the
cooling bath was removed and the solution stirred at ambient temperature for 16 h. The
reaction was quenched with water and extracted twice with EtOAc. The organic layers
were combined, washed with water, brine, dried (Na,SO,) and concentrated in vacuo to
afford a pale yellow oil as crude product. The residue was chromatographed on a silica
column (100% DCM—40% EtOAc/DCM) to afford carbamate LXIII (90 mg, 0.143
mmol, 71.5% yield).
Step 2

[0259] A solution of carbamate LXIII (70 mg, 0.11 mmol) in anisole (5 mL)
at 0°C was treated with pre-cooled 90% aq trifluoroacetic acid (10 mL). The reaction
mixture was warmed to room temperature and stirred for 16 h. The mixture was
evaporated in vacuo, azeotroped with MeCN (3 X 5 mL). The residue was sonicated in
water (10 mL) and ether (10 mL). The aqueous phase was separated, washed with ether (2
X 5 mL) and freeze dried to give 2-((3R,65)-3-(benzyloxycarbonylamino)-2-hydroxy-1,2-
oxaborinan-6-yl)acetic acid 69 as a fluffy solid (10 mg, 0.033 mmol, 29.6% yield).
ESIMS found for C;4H;sBNOgS m/7 289.9 (M-H,0)".

[0260] The following compound is prepared in accordance with the procedure

described in the above Example 8.
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[0261] 2-((3R,65)-2-hydroxy-3-(isobutoxycarbonylamino)-1,2-oxaborinan-6-
yl)acetic acid 70 as a off-white solid (20 mg, 0.073 mmol, 27% yield). '"H NMR (CD;0D)
o ppm 0.95 (d, /=7 Hz, 6H), 1.62-1.67 (m, 1H), 1.70-1.75 (m, 2H), 1.87-1.90 (m, 2H),
2.42-2.60 (m, 3H), 3.77-3.86 (m, 2H), 4.35-4.38 (m, 1H); ESIMS found for
C11H20BNOgS m/z 256 (M-H,0)".

[0262] Synthesis of  2-((3R,65)-2-hydroxy-3-(phenylsulfonamido)-1,2-
oxaborinan-6-yl)acetic acid 71. An example synthesis of 71 is depicted in Scheme 17 and

Example 9.

Scheme 17

O \ 2 /O
N(TMS),> o=¢’
7< _PhS(0),C1 _ N 7( 90% aq TFA Ny
CHzClz / Anisole B—O OH

TBSO TBSO HO o

LXIV 71

Example 9
Step 1-2

[0263] Prepared in accordance with the procedure described in the above
Steps 1-2 of Example 8.

[0264] Off-white solid (30 mg, 0.096 mmol, 43% yield). '"H NMR (CD;OD) &
ppm 1.57-1.83 (series of m, 4 H), 2.49-2.71 (series of m, 3H), 4.35-4.89 (m, 1H), 7.51-
7.59 (m, 3H), 7.85-7.89 (m, 2H); ESIMS found for C;,H;sBNOgS m/z 296.1 (M-H,0)".

[0265] Synthesis of 2-((3R,65)-2-hydroxy-3-(3-phenylureido)-1,2-
oxaborinan-6-yl)acetic acid 72. An example synthesis of 72 is depicted in Scheme 18 and

Example 10.
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Example 10
Step 1

[0266] To a solution of bis-silyl amide XLI (0.2 mmol) in DCM (5 mL) at 0°C
was added a solution of TFA in hexane (0.6 mmol). The reaction was stirred at 0°C for 20
min before adding phenyl isocayanate (0.04 mL, 0.4 mmol) followed by N,N-
diisopropylethylamine (0.18 mL, 1 mmol). The cooling bath was then removed and the
solution was stirred at ambient temperature for 16 h. The reaction was quenched with
water and extracted twice with EtOAc. The organic layers were combined, washed with
water, brine, dried (Na>SO.) and concentrated in vacuo to afford a pale yellow oil as
crude product. The residue was chromatographed on a silica column (100% DCM—25%
EtOAc/DCM) to afford the pure urea (50 mg, 0.081 mmol, 40.7% yield).

Step 2

[0267] Deprotection was performed following the procedure described above
in step 2 of example 8 to give 2-((3R,65)-2-hydroxy-3-(3-phenylureido)-1,2-oxaborinan-
6-yl)acetic acid 72 as a white solid (20 mg, 0.068 mmol, 86% yield). '"H NMR (CD;0D)
o ppm 1.24-1.31 (m, 1H), 1.56-1.64 (m, 2H) 1.78-1.81 (m, 1H), 2.36-2.40 (dd, J=15 Hz,
J=6 Hz, 1H), 2.46-2.58 (dd, /=13 Hz, J=7 Hz, 1H), 2.68-2.71 (m, 1H), 4.07-4.12 ( m,
1H), 7.15-7.18 (m, 1H), 7.34-7.37 (m, 4H); ESIMS found for C;3H;7BN,Os m/z 275.1
(M-H,0)".

[0268] Mlustrative compounds of Formula (I) are shown in Table 1. Some
structures are shown with defined configurations at selected stereocenters but the shown
stereochemistries are not meant to be limiting and all possible stereoisomers of the shown
structures are to be considered encompassed herein. Compounds of any absolute and
relative configurations at the stereocenters as well as mixtures of enantiomers and

diastereoisomers of any given structure are also encompassed herein.
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Example 11

[0269] The potency and spectrum of -lactamase inhibitors was determined by

assessing their antibiotic potentiation activity.
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[0270] The potentiation effect is observed by the reduction of the minimum
inhibitory concentration of B-lactam antibiotics in the presence of B-lactamase inhibitors
(BLIs). The activity of BLIs in combination with ceftazidime or biapenem is assessed by
the checkerboard assay (Antimicrobial Combinations. In Antibiotics in Laboratory
Medicine, Ed. Victor Lorian, M.D., Fourth edition, 1996, pp 333-338) using broth
microdilution method performed as recommended by the NCCLS (National Committee
for Clinical Laboratory Standards (NCCLS). 1997. Methods for Dilution of
Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically - Fourth Edition;
Approved Standard. NCCLS Document M7-A4, Vol 17 No.2). In this assay, multiple
dilutions of two drugs, namely BLI and B-lactam (ceftazidime or biapenem), are being
tested, alone and in combination, at concentrations equal to, above and below their
respective minimal inhibitory concentrations (MICs). BLIs are solubilized in 10%
DMSO at 10 mg/mL. Stock solutions are further diluted, according to the needs of a
particular assay, in Mueller Hinton Broth (MHB). Stock solution can be stored at —80°C.

[0271] The checkerboard (CB) assay is performed in microtiter plates.
Ceftazidime or biapenem are diluted in the x axis, each column containing a single
concentration of antibiotic. BLIs are diluted in the y axis, each row containing an equal
concentration of BLI. The result of these manipulations is that each well of the microtiter
plate contains a unique combination of concentrations of the two agents. The assay is
performed in MHB with a final bacterial inoculum of 5 x 105 CFU/mL (from an early-log
phase culture). Microtiter plates are incubated during 20 h at 35°C and are read using a
microtiter plate reader (Molecular Devices) at 650 nm as well as visual observation using
a microtiter plate reading mirror. The MIC is defined as the lowest concentration of
antibiotics, within the combination, at which the visible growth of the organism is
completely inhibited. Activity of BLIs is reported at MPCS, or the minimal potentiation
concentration to reduce the MIC of antibiotic 8-fold.

[0272] Ceftazidime potentiation is studied in strains of various bacteria that
are resistant to ceftazidime due to expression of B-lactamase hydrolyzing enzymes. The
panel of strains used in checkerboard experiments contains f-lactamases that belong to all
the known classes of these enzymes: A, B, C and D. Activity of Compound 1 is tested at
the maximum concentration of 40 ug/mlL. At this concentration it shows no inhibition of
growth of any bacteria tested, however at concentration as low as 0.6 ug/mkL it reduced
MICs to ceftazidime 8-fold in some bacteria (Table 2). Based on CB results, 1 has a

broad-spectrum B-lactam potentiation activity against the strains expressing p-lactamases.
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Compound 1 was the most potent against the strains expressing KPCs and other class A

enzymes (CTX-M-3), and some class C (MIR-1, CMY-2), and class D (OXA-2)

enzymes.
TABLE 2
Strain Organism Description PCR Class | MPC8
KP1005 | Klebsiella pneumoniae | ESBL CTX-M-14 A Z
KP1009 | Klebsiella pneumoniae | ESBL CTX-M-15 A Y
EC1008 | Escherichia coli ESBL CTX-M-3 A X
KP1004 | Klebsiella pneumoniae | Serine carbapenemase KPC-2 A X
KP1008 | Klebsiella pneumoniae | Serine carbapenemase KPC-2 A X
EC1007 | Escherichia coli Serine carbapenemase KPC-3 A X
KP1010 | Klebsiella pneumoniae | ESBL SHV-12 A Y
KP1012 | Klebsiella pneumoniae | ESBL SHV-18 A Y
ec306 Escherichia coli First ESBL described SHV-2 A Y
ec307 Escherichia coli Common SHV ESBL SHV-4 A Y
ec308 Escherichia coli Common SHV ESBL SHV-5 A Y
EC1009 | Escherichia coli ESBL TEM-10 A Z
ec302 Escherichia coli Common ESBL in US TEM-10 A Z
EC1012 | Escherichia coli ESBL TEM-12 A Y
ec303 Escherichia coli Common ESBL in US TEM-12 A Y
EC1011 | Escherichia coli ESBL TEM-26 A V4
ec304 Escherichia coli Common ESBL in US TEM-26 A Z
ec300 Escherichia coli Common ESBL in France | TEM-3 A Y
ec301 Escherichia coli ESBL TEM-6 A V4
CF1000 | Citrobacter freundii Hyper AmpC expression C Y
ECL1003 | Enterobacter cloacae | Hyper AmpC expression C Z
ec310 Escherichia coli E. cloacae -like Amp-C ACT-1 C X
EC1004 | Escherichia coli pAmpC CMY-2 C X
EC1010 | Escherichia coli pAmpC CMY-6 C Y
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YY64YZYXY652Z2ZZ2ZZ2Z72Z662ZZZZZX-=MCa& of less than 5 vg/niL.
Y = MPC@ of 5 vg/nL to 20 vg/nL. Z = MPC@ of greater than 20 vg/nL. ND =
Not Det erwDreet/021458280] The potency and spectrum of 13-| aCTAIsasa/0ues? bi t ors
is also determned by assessing their biapenem potentiation activity in a

dose titrat Fen—petentiatieon—assayustng—Stra-Asexpressthg—Sserine
car baperrena>eS§raélsuch alfrgmar. The poDesstiptimi on ef f e®ECRi s qldasy \MBECSHS t he
ability of conpounds to I1nhilpit growh 1n the _presence of
sub- i nhi bi t 9103:‘6n<§é?1?frr‘cﬁtﬂlc6lh of |B*"8Benem M C of PHedt strairfs vafy from 4
i _tg/nm to enemis present in t est madium at, 1
i _tglnL. Corrp08¢1 %w—rwhiﬁcg t he PA"8hest concent 2t(|t50n of |40 i|tg/nL. In
this assay Y 9 npounds determ ned as oncentjratijon of | BLIs to
i nhibit gr o%%l%(r# SChfréC?faédfn thé’ippgsence of 1 1:8)t(§/rrL of %fape%err
(MPO@) . Tablgool0 |SUIDRNIZSS BLI| 1PALERCHAnpld aDEREM POt enticat| og (MPO@ ).
Bi apenem M C for each strain is also shown TABIF 10 Biapgnem MC >8 8 4 8
Bi apenem M Gep80B |4idBsielBEM.MBHD| 6BL00 4 KPC- 2| BRM WRE@: (KRLOD § KPC- 2
BPM MPC@

KX1000 | Klebsiella oxytoca ESBL OXA-2 D X

X =MPCS8 of 2.5 ug/mL or less.

Y = MPCS of greater than 2.5 ug/mL to 10 ug/mL..

7. = MPCS of greater than 10 ug/mlL..

[0273]

ester derivatives was tested using a larger panel of strains expressing [-lactamase

Next, ceftazidime potentiation activity of several cyclic boronic acid

hydrolyzing enzymes. Ceftazidime MICs were determined alone and in the presence of
fixed concentrations of various cyclic boronic acid ester derivatives. Most compounds
were tested at 10 ug/mL. Cyclic boronic acid ester derivatives were capable of reducing

ceftazidime MICs 4 to >64-fold depending on B-lactamase (Table 3).

TABLE 3
Ceftazidime MIC (ug/mL) with or without cyclic
boronic acid ester derivative
Strain Organism Description PCR | Class
Alone Jat10 | 4at10 | Sat10 | 6at10 | 7 at 10
pug/mL | pg/mL | pg/mL | pg/mL | pg/mL

kp1oos | Klebsiella ESBL CIX- 1 5 Z Z Z Z Z Z
pnreumoniae M-14

kplogy | Klebsiella ESBL CIX- 1 5 Z Z Z Z Z Z
pnreumoniae M-15

kploog | Kiebsiella ESBL CIX- 1 5 Y X X X X ND
pnreumoniae M2

ECl008 | LScherichia | popy CIX- 1 5 Z Y Y Y Y 7
coli M3

pa 1063 | Dseudomonas | popy GES- 1 A zZ zZ zZ 7 7 7
aeruginosa 1

KP1004 Klebszellq Serine KPC- A 7 v v v v 7
pnreumoniae carbapenemase | 2

KP1008 Klebszellq Serine KPC- A v X X X X 7
pnreumoniae carbapenemase | 2
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EC100 7 KPC- 3 BPM MPC@ ECL100 4 NMC A BPM MPC@ KP100 4 KPC- 2 BPM
MPC@ KP100 8 KPC- 2 BPM MPC@ EC100 7 KPC- 3 BPM MPC@ ECL100 4 NMC- A
Tazobact awn242/21455 0.6 Tazobacta m40 0.3 5 0.6 3 X XPRTNSA®144695K X 4

Ceftazidime MIC (ug/mL) with or without cyclic
boronic acid ester derivative
Strain Organism Description PCR | Class
Alone Jat10 | 4atl10 | Sat10 | 6at10 | 7 at 10
pug/mL | pg/mL | pg/mL | pg/mL | pg/mL

EC1007 Esc.herzchza Serine KPC- A 7 X X X X 7
coli carbapenemase | 3

kpiolg | Klebsiella ESBL SHV- 11 A zZ zZ zZ Y Y 7
pnreumoniae 12

kpio1p | Klebsiella ESBL SHV- 11 A zZ zZ zZ Y Y 7
pnreumoniae 18

c306 Esc.herlchla First ESBL SHV- A 7 7 7 7 7 7
coli described 2
Escherichia Common SHV | SHV-

ec307 coli ESBL 4 A 7 7 7 Y 7z 7z
Escherichia Common SHV | SHV-

ec308 coli ESBL 5 A 7 7 7 7 7z 7z

kpio11 | Klebsiella ESBL SHV- 1 5 Y X X X X ND
pneumoniae 5

EClo0g | Escherichia | popy TEM- - 7 7 7 Z Z Z
coli 10
Escherichia Common TEM-

ec302 coli ESBLinUS | 10 A z z z z z z

EClory | Escherichia | popy TEM- 1 zZ zZ zZ Y Y 7
coli 12
Escherichia Common TEM-

ec303 coli ESBLinUS | 12 A z z z Y Y z

gclor1 | Escherichia | popy TEM- 1 zZ zZ zZ 7 7 7
coli 26
Escherichi Common TEM-

ec300 seheniciid | pSBL in A 7 7 7 Y 7 7
coli 3

France

ec301 Escherichia | popy TEM- 1 zZ zZ zZ 7 7 7
coli 6

kpio14 | Klebsiella Metallo - Vim-1 | B 7 7 7 7 7 ND
pnreumoniae lactamase

Cripoo | Citrobacter | Hyper AmpC C 7 7 7 Y Y 7
Jreundii expression

cripo1 | Citrobacter | Hyper AmpC C 7 7 7 Y Y ND
Jreundii expression

ECL1002 Enterobacter | Hyper AmpC C 7 7 v v v 7
cloacae expression
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Ceftazidime MIC (ug/mL) with or without cyclic
boronic acid ester derivative
Strain Organism Description PCR | Class
Alone Jat10 [ 4at10 | Satl10 | 6at10 | 7 at10
pug/mL | pg/mL | pg/mL | pg/mL | pg/mL
ECL1003 Enterobacter | Hyper AmpC C 7 7 7 7 7 ND
cloacae expression
Escherichia E. cloacae - ACT-
ec310 coli like Amp-C | 1 ¢ z Y Y X X z
ECloo4 | Escherichia |\ oC CMY- 1 7 Y Y Y Y z
coli 2
SA1000 | Salmonella pAmpC gMY' C Z Z Y Y X ND
kpio13 | Kiebsiella pAmpC CMY- | z z Y Y Y ND
pnreumoniae 2
EClolg | Escherichia | s o CMY- 1 7 7 Y Y Y z
coli 6
EC1014 foslciherwh‘“ pAmpC ?HA' C zZ Y Y X X zZ
EClo0s | Escherichia |\ o FOX- 1 ¢ zZ Y zZ Y Y Z
coli 5
EClole | Escherichia |\ oC FOX- 1 ¢ zZ zZ zZ zZ zZ ND
coli 5
Escherichia E. cloacae - MIR-
e300 ol like Amp-C | 1 cl“ Y Y X X z
Pseudomonas
PAM2005 ) ampC C Z Z Z Z Z Z
aeruginosa
pAM2035 | [seudomonas | ampC C Z Z Z Y Y Z
aeruginosa mexA:tet
kplog7 | Klebsiella ESBL OXA-1 p Z Z Z Y Y Z
pnreumoniae 10
kx1000 | Klebsiella ESBL OXA- | p Z Z Y Y Y Y
oxytoca 2
AB1054 Acmetoba“cter OXA- OXA- D 7 7 7 7 7 7
baumannii carbapenemase | 23
AB1052 Acmetoba“cter OXA- OXA- D 7 7 7 7 7 ND
baumannii carbapenemase | 24
AB1057 Acmetoba“cter OXA- OXA- D 7 7 7 7 7 7
baumannii carbapenemase | 58
X =MIC of 1 ug/mL or less.
Y = MIC of greater than 1 ug/mL to 8§ ug/mL.
7. = MIC of greater than 8 ug/mL.
ND = Not Determined.
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[0274] Biapenem is a carbapenem B-lactam; only selected B-lactamases confer

resistance to this class of antibiotics. Among them are serine carbapemenases that belong

to class A and class D. Biapenem potentiation is studied in strains expressing various

carbapenemases from these classes using CB assays. Various cyclic boronic acid ester

derivatives showed significant potentiation of biapenem against the strains expressing

class A carbapenemases: MPC8 (minimal potentiation concentration of cyclic boronic

acid ester derivative(ug/mL) to reduce the MIC of Biapenem 8-fold) varied from 0.02

ug/mL to 0.16 pg/mL (Table 4). Cyclic boronic acid ester derivatives were capable of
reducing biapenem MICs up to 1000-fold (Table 4).

TABLE 4
Strain Organism Description PCR Class | Compound | MPCS8
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 1 Y
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 1 X
KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 1 Y
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 1 Y
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 2 Y
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 2 X
KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 2 X
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 2 Y
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 3 X
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 3 X
KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 3 X
KP1008 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 3 X
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 3 Y
AB1052 Acinetobacter baumannii OXA-carbapenemase OXA-24 D 3 Z
AB1054 Acinetobacter baumannii OXA-carbapenemase OXA-23 D 3 Z
AB1057 | Acinetobacter baumannii OXA-carbapenemase OXA-58 D 3 Z
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 4 X
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 4 X
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Strain Organism Description PCR Class | Compound | MPCS8

KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 4 X
KP1008 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 4 X
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 4 X
AB1052 Acinetobacter baumannii OXA-carbapenemase OXA-24 D 4 Z
AB1054 Acinetobacter baumannii OXA-carbapenemase OXA-23 D 4 Z
AB1057 Acinetobacter baumannii OXA-carbapenemase OXA-58 D 4 Z
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 5 Y
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 5 X
KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 5 X
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 5 Y
AB1052 Acinetobacter baumannii OXA-carbapenemase OXA-24 D 5 Z
AB1054 Acinetobacter baumannii OXA-carbapenemase OXA-23 D 5 Z
AB1057 Acinetobacter baumannii OXA-carbapenemase OXA-58 D 5 Z
ECL1004 | Enterobacter cloacae Serine carbapenemase NMC-A A 6 Y
EC1007 Escherichia coli Serine carbapenemase KPC-3 A 6 X
KP1004 Klebsiella pneumoniae Serine carbapenemase KPC-2 A 6 X
SM1000 Serratia marcescens Serine carbapenemase SME-2 A 6 Y
AB1052 Acinetobacter baumannii OXA-carbapenemase OXA-24 D 6 Z
AB1054 Acinetobacter baumannii OXA-carbapenemase OXA-23 D 6 X
AB1057 | Acinetobacter baumannii OXA-carbapenemase OXA-58 D 6 Z
X = MPCS of less than 0.16 ug/mlL..

Y =MPC8 of 0.16 pg/mL to 1 ug/mlL..

7. =MPCS of greater than 1 ug/ml..

Example 12

[0275]

The ability of [p-lactamase inhibitors to inhibit hydrolysis of

ceftazidime and biapenem was studied. Lysates were prepared from bacteria expressing

various B-lactamases as a source of enzymes. Bacterial lysates were prepared as follows.

A single colony from the fresh over-night plate was transferred to 5 mL of LB broth and

grown to ODgoo = 0.6-0.8. Next, this culture was transferred to 500 mL of LB and grown
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and the supernatant was collected. This lysate was stored at -20°C.

[0276] Next, the activity of bacterial lysates was optimized for ceftazidime
and biapenem cleavage as follows. 50 ul of buffer A (50 mM Sodium Phosphate pH=7;
0.5% glucose, 1 mM MgCl,) was added to each well of 96-well UV-transparent plate. 50
ul of lysate was titrated vertically in 96-well plate column to generate 2-fold lysate
dilutions. 100 pl of buffer A was added to each well, placed in plate reader at 37°C and
incubated for 15 minutes. 50 pl of 50 pg/mL solutions of ceftazidime or biapenem in
buffer A (pre-incubated at 37°C for 15 minutes) were added to each well. Hydrolysis of
ceftazidime and biapenem was measured at 250 nm and 296 nm, respectively. This
experiment was used to determine the optimal lysate dilution which produced a linear
curve of relative UV signal that decreased to approximately OD=0.3-0.5 over 1 hour.

[0277] Finally, the potency of cyclic boronic acid ester derivative to inhibit
the cleavage of ceftazidime and biapenem cleavage by bacterial lysates was determined.
100 pl of buffer A (50 mM Sodium Phosphate pH=7; 0.5% glucose, 1 mM MgCl,) was
added to each well of 96-well UV-transparent plate. 50 ul of 6 x cyclic boronic acid ester
derivative solution in buffer A was titrated vertically in 96-well plate column to generate
3-fold dilutions. 50 pl of diluted lysate in buffer A (optimal dilution is determined in
experiment above) was added, and the plate was incubated in the plate reader at 37°C for
15 minutes. 50 ul of 50 pg/mL solutions of ceftazidime or biapenem in buffer A (pre-
incubated at 37°C for 15 minutes) were next added to each well and hydrolysis of
ceftazidime or biapenem was recorded at 250 nm and 296 nm, respectively. ECso of
inhibition was determined by plotting the rate of ceftazidime or biapenem cleavage vs.
cyclic boronic acid ester derivative concentration.

[0278] The results of these experiments are presented in Table 5 and Table 6.
These experiments demonstrate that the described compounds are inhibitors with a broad-

spectrum activity towards various B-lactamases.
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EC1007 KPC-3 AZT |1 C50 KP1007 OXA- 10 AZT | C50 KPX1001 OXA-2 NCF | C50 EC1010
pAMPC (CW-6) C avul anic Acid 0.0548 0.247 0.027 0.027 0.74 2.22 1.48 1.48
0. 08 ND Twoahruass<0. 0274 0. 027 0.055 0.027 0.74 2.22 ®OCTASA4AH4O50274 ND
3 XZZZXYXZZZA4XYZZXXXZZ

TABLE 5
ICs¢ (ug/mL) of inhibition of
Strain | Organism Description PCR Class Ceftazidime hydrolysis
Tazobactam |3 (4 (5|6 |7
kploos | Klebsiella ESBL CTX-M- A X zlz|x|Y|z
pnreumoniae 14
kplooo | Klebsiella ESBL CTX-M- A X zZlz|X|Y|Y
pnreumoniae 15
pa 1063 | Fseudomonas | popy GES-1 A Y ZlY|X|Y|Y
aeruglnosa
kplooa | Klebsiella Serine KPC-2 A 4 X|X|x|x|z
pnreumoniae carbapenemase
kploog | Klebsiella Serine KPC-2 A Z v x|x|x|z
pnreumoniae carbapenemase
EC1007 | Escherichia coli | Sn® KPC-3 A 4 Y X|x|x|z
carbapenemase
kplolg | Klebsiella ESBL SHV-12 A X zlz|Yl|z|z
pneumomae
kplo1y | Klebsiella ESBL SHV-18 A X zlz|Y|Y|2Z
pneumomae
ec306 Escherichia coli | First ESBL SHV-2 A Y zlzlyl|ly|z
described
ec308 Escherichia coli | COMmon SHV ) ¢y 5 A X zlzlz|z|z
ESBL
ec302 Escherichia coli g}"[r}lsm"n ESBL 1 rpniio A X Y|z |x|Y|Y
ec303 Escherichia coli g}"[r}lsm"n ESBL 1 rpniin A X zlzlylzl|y
ec304 Escherichia coli g}"[r}lsm"n ESBL 1 rpvioe A X zlzlyl|lyly
ec300 Escherichia coli | COMmOn ESBL | 1oy o A X zlzlyl|z|z
in France
ec301 Escherichia coli | ESBL. TEM-6 A X Z|1Z|Y|Y|Y
ECL1003 Enterobacter Hyper AmpC C ND 717zlvlz|7
cloacae expression
EC1014 | Escherichia coli | pAmpC DHA-1 C ND YAVAR VAV
kploo7 | Klebsiella ESBL OXA-10 D Y zlz|Yl|z|z
pneumomae
kx1000 | Klebsiella ESBL OXA-2 D X zlz|x|Y|z
oxyloca
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ZS5 XY ZZXXXZXZ6XXZZXXXZYZ33XZZZYYXZYZ341ZZ
ZZYYXZZ2Z2Z352Z2ZZZZ
WO 2012/021455 PCT/US2011/046957
ICs¢ (ug/mL) of inhibition of
Strain | Organism Description PCR Class Ceftazidime hydrolysis

Tazobactam |3 |4 |56 |7

7. =1Cs

X =1ICs of less than 0.1 ug/mL..
Y =1Csp0f 0.1 pyg/mL to 1 ug/mlL.

ND = Not Determined.

of greater than 1 pg/mlL..

TABLE 6
ICso (ug/mL) of inhibition of biapenem
Strain | Organism Description PCR | Class hydrolysis
Tazobactam | 3 |4 |5 | 6| 7
EC1007 | Escherichia | Serine KPC-3 | A Z Y| Y|X|X]| Z
coli carbapenemase
Kp10o4 | Klebsiella Serine KPC-2 | A Z Z|Y|X|Y|ND
pnreumoniae carbapenemase
Kp10oog | Klebsiella Serine KPC2 | A z z|z|Y|v|~D
pnreumoniae carbapenemase
sM1000 | Serratia Serine SME2 | A Y z|y|x|Y| z
marcescens carbapenemase
X =1C5p of less than 0.1 pug/mL.
Y =1Csp 0of 0.1 pg/mL to 1 ug/mL.
7 =1Cs of greater than 1 ug/mlL..
ND = Not Determined.

[0279] The potency and spectrum of B-lactamase inhibitors is also determined

by assessing their aztreonam potentiation activity in a dose titration potentiation assay

using strains of various bacteria that are resistant to aztreonam due to expression of

various

B-lactamases. Aztreonam is a monobactam antibiotic and, similar to ceftazidime,

is hydrolyzed by the majority of beta-lactamases that belong to class A, C or D (but not

class B

growth

). The potentiation effect is observed as the ability of BLI compounds to inhibit

in the presence of sub-inhibitory concentration of aztreonam. MIC of test strains

vary from 32 pg/mL to > 128 pg/mL. Aztreonam is present in the test medium at 4

ug/mL.

Compounds were tested at the highest concentration of 40 ug/mL. In this assay

potency of compounds is determined as a concentration of BLIs to inhibit growth of

bacteria in the presence of 4 ug/mL of aztreonam (MPCew4). Tables 7, 8 and 9 summarize

BLI po

tency of aztreonam potentiation (MPCe.) for various strains overexpressing class

A (ESBLs), class A (KPCs), and class C and class D beta-lactamases, respectively.

Aztreonam MIC for each strain is also shown. Table 7 summarizes activity of BLIs to
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Table 8 summarizes

activity of BLIs to potentiate aztreonam against strains expressing class A KPCs. Table 9

summarizes activity of BLIs to potentiate aztreonam against strains expressing class C

and D enzymes.

TABLE 7

Aztreonam
MIC

(ng/mL)

>128

>128

64

>128

32

128

>128

64

AZT
MPC,
CTX-
M-14

KP1005

AZT
MPC,
CTX-
M-15

KP1009

AZT
MPC,
SHV-

ec308

AZT
MPC,
SHV-

12
KP1010

AZT
MPC,
SHV-

18
KP1012

AZT
MPC,
TEM-

10
EC1009

AZT
MPC,
TEM-

10
ec302

AZT
MPC,
TEM-

26
ec304

Clavulanic
Acid

1.25

1.25

0.08

0.04

0.04

0.16

0.04

Tazobactam

1

W

1

W

o
n

e
o

N NN NN NNNNNNN N NNN[ NN NN N[N[N|N|NN|N|N|S

NN N NN NN N NN NN NN N NN NN N NN NN N =< N NS

NN NN N NNNNNNN NN NN NN NN N[N[N|[N[N[<]|N|N|S
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NN NN N N =) NN N N = NN N = N = N NN = =4 N N =
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NN N NN NN NN N N N N N N N N NN NN N N = NN N N

N G N NN NN NN N N N ) NN N ] N ] = NN N = < = N N
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Y XY 41 Z 2 2 7Z X XX ZZ 242 7272 72 7Z XX XZ2Z2Z2Z7Z43 Y Z Z Z X X
WO 2012/ 021455PCT/ US2011/046957 45 2 Z Z Z Y Y X Z Z
WO 2012/021455 PCT/US2011/046957
57 Z Z Z Z Y Z Z Z
58 Z Z Z Z Z Z Z Z
59 Z Z Z Z Z Z Z Z
60 Z Z Z Z Z Z Z Z
61 Z Z Z Y Y Z Z Z
62 X X X X X X Y X
63 Y Y Y X X Y Z Y
64 Y Y X X X Y Y X
65 Z Z Z Z Z Z Z Z
66 Z Z Z Z Z Z Z Z
X = MPCeg, of less than 5 pg/mlL..
Y =MPCgq of 5 ug/mL to 20 ug/mlL..
7. = MPC g4 of greater than 20 ug/ml..
ND = Not Determined.
TABLE 8
Azﬁfgam >128 | 64 | >128 Azﬁfgam >128 | 64 | >128
AZT AZT AZT AZT AZT AZT
MPC, MPC, MPC, MPC, MPC, MPC,
KPC-2 | KPC-2 | KPC-3 KPC-2 | KPC-2 | KPC-3
KP1004 | KP1008 | EC1007 KP1004 | KP1008 | EC1007
Cla{z‘;ilgmc >40 20 40 Cla[z‘éilgmc >40 20 40
Tazobactam >40 >40 >40 Tazobactam >40 >40 >40
3 X X X 48 X X X
4 X X X 49 X X X
5 X X X 350 X X X
6 X X X 51 X X X
33 X X X 52 Y X X
34 X X X 53 Y X X
35 Y X X 34 Z X Y
36 Z Z Z 55 Y X X
37 X X X 56 Y X X
38 Z X X 57 X X X
39 Y X X 38 Z Z Z
40 Z Y Z 39 Z Z Z
41 Y X X 60 Z Y Y
42 Y X X 61 X X X
43 X X X 62 Y X Y
63 Z Y Y
45 Z Y X 64 Z X Y
46 X X X 65 Z Z Z
47 Z Y Y 66 Y X X
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246 Z Z Z Z XXX ZZZA47 272 72 Z YN XZZZ48 Y ZZZ XY XZY Z49Y
ZZZXXXZYZ50YZZZXX
WO 2012/021455 PCT/US2011/046957

X =MPCg, of less than 5 ug/mlL..

Y =MPCg, of 5 ug/mL to 20 ug/mlL..
7 = MPCg, of greater than 20 ug/mL.
ND = Not Determined.

TABLE 9

Class C C C D D

Aztreonam

MIC 64 >128 32 128 128

AZT
AZT AZT AZT MPCe, AZT

MPCoq, MPCq,

MPCay | cpvie | MPCas | OXA-LO, | S0 -

ECL1002 PAM2035 | qurB4 | 0

ECI1010 KP1007

Clavulanic
Acid
Tazobactam >40
3
4
5
6
33
34
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
51
52
53
54
55
56
57

>40

N
(aw]
\%

o
(aw]
]
o
W

>40

N IN N NN NN N N N N N N = N NN NN N N N N N < = < N
NN N NN NN N NN NN N < N NN NN N NN NN N =< NS
NN N NN NN NI N NN N < N NN NN N NN NN < N NS
NN NN N|NN| N NN N NN N[N|NNNNN| <N NN <] S NN o
N =N IN = N ] = =N IN NN =N IN NN NS NN NN IN =< NN
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XZ2722725122Z2ZZXXXZYYDS2222ZZXYYZZZ532Z2ZZ2ZZZXYYZY
Z 54 XZZZXXXZYYDdSYZZ
WO 2012/021455 PCT/US2011/046957
58 Z Z Z Z Z
59 Z Z Z Z Z
60 Z Z Z Z Z
61 Y Y Y Y Y
62 Z X X X Y
63 Y Y Y Y Y
64 Y Z Y X Y
65 Z Z Z Z Z
66 Z Z Z Z Z
X =MPCg, of less than 5 ug/ml..
Y = MPCg, of 5 ug/mL to 20 pg/mlL..
7. = MPCg, of greater than 20 ug/mlL..
ND = Not Determined.

[0280] The potency and spectrum of B-lactamase inhibitors is also determined
by assessing their biapenem potentiation activity in a dose titration potentiation assay
using strains expressing serine carbapemenases (such as KPC). The potentiation effect is
observed as the ability of BLI compounds to inhibit growth in the presence of sub-
inhibitory concentration of biapenem. MIC of test strains vary from 4 pg/mL to > 1
ug/mL. Biapenem is present in the test medium at 1 pg/mL. Compounds tested at the
highest concentration of 40 pg/mL. In this assay potency of compounds is determined as
a concentration of BLIs to inhibit growth of bacteria in the presence of 1 ug/mL of
biapenem (MPCg;). Table 10 summarizes BLI potency of biapenem potentiation

(MPCg)). Biapenem MIC for each strain is also shown.

TABLE 10
Biapenem Biapenem
ben >3 8 4 8 ipens >8 8 4 8
BPM BPM BPM BPM BPM BPM BPM BPM
MPCq, | MPCq, | MPCo; | MPCg, MPCq, | MPCo, | MPCq, | MPCq,
KP100 KP100 EC100 ECIL.100 KP100 KP100 EC100 ECIL.100
4 KPC- 8 KPC- 7 KPC- 4 NMC- 4 KPC- 8 KPC- | 7 KPC- 4 NMC-
2 2 3 A 2 2 3 A
fazobacta | 4 0.3 5 06 | Mol 49 03 5 0.6
3 X X X Y 48 X X X X
4 X X X X 49 X X X X
5 X X X X 50 X X X X
6 X X X X 51 X X X Y
33 X X X X 52 X X X Y
34 X X X Y 53 X X X Y
35 X X X Y 54 X X X X
36 7 X Y X 55 X X X X
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XXXZYZ56 XYZZXXXZYYS5T XZZZXXXZZZ58YZZZXX
Z27272592272272272ZYXYZYZG®60
WO 2012/021455 PCT/US2011/046957
37 X X X X 56 X X X X
38 X X X X 57 X X X X
39 X X X X 58 V4 V4 V4 V4
40 Y X Y Y 59 Y X X X
41 X X X Y 60 X X X X
42 X X X Y 61 X X X X
43 X X X X 62 X X X X
63 Y X Y Y
45 Y X X V4 64 Y X X X
46 X X X X 65 Y X Y V4
47 Y X X V4 66 X X X X
X =MPCg, of less than 1 ug/mlL..
Y =MPCg; of 1 ug/mlL to 5 ug/mL.
7 =MPCg; of greater than 5 ug/mlL..
ND = Not Determined.
[0281] Some bacterial lysates were also optimized for the cleavage of

aztreonam and nitrocefin. ECso of inhibition was determined by plotting the rate of
aztreonam or nitrocefin cleavage vs. BLI concentration. The results of these experiments
are presented in Table 11. These experiments confirmed that the described compounds

are inhibitors with a broad-spectrum activity towards various B-lactamases.

TABLE 11

AZTICs, | AZTICs ?CZSZ ?CZ:; AZT AZT | o ic ?CZSZ AZTICs, | NCFICsw

g)li(_)f/f_ g)li(_)f/?_ ec302 | ec304 KII,?S% " KII,?B%S EC1007 | KP1007 | KPX1001 ];grlr?;g

14 15 T]I:g/l T];:g[ KPC-2 | KPC-2 Kpe=3 Oi?' OXAZ 1 (cMY-6)
ClaX‘ClilzniC 0.0548 | 0247 | 0.027 [0.027 | 074 | 222 | 148 | 148 | 008 | ND
Tazobactam | <0.0274 | 0.027 0.055 1 0.027 | 0.74 222 0.74 444 | 0.0274 ND
3 X z z z X Y X z z z
4 X Y z z X X z z z
5 X Y z z X X X z X z
6 X X z z X X X z Y z
33 X z z z Y Y X z Y z
34 z z z z Y Y X z z z
35 z z z z z z X z z z
36 X X X X Y Y X z z z
37 X X z z X X X Y Y X
38 X Y z Y X X X z Y Y
39 Y Y z Y X Y X z Y z
40 X X z Y Y z Y Y X Y
41 z z z z X X X z z z
42 z z z z X X X z z z
43 Y z z z X X X z Y z
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ZZXXXZYYOBLYZZZXXXZYZ62YYZYYXXZZZ63YY!Z
YYZYYG65YZZ2ZZYYZZ
WO 2012/021455 PCT/US2011/046957

45 z z z z Y Y X Z Z Z
46 z z z z X X X Z Z Z
47 z z z z Y Y X Z Z Z
48 Y z z z X Y X Z Y Z
49 Y z z z X X X Z Y Z
50 Y z z z X X X Z Z Z
51 z z z z X X X Z Y Y
52 z z z z X Y Y Z Z Z
53 z z z z X Y Y Z Y Z
54 X z z z X X X Z Y Y
55 Y z z Y X X X Z Y Z
56 X Y z z X X X Z Y Y
57 X z z z X X X Z Z Z
58 Y z z z X X X Z Z Z
59 z z z z Y X Y Z Y Z
60 Y Y z z X X X Z Y Y
61 Y z z z X X X Z Y Z
62 Y Y z Y Y X X Z Z Z
63 Y Y z z Y Y Y Z Y Y
65 Y z z z Y Y z Z Y Z
66 Y z z z X X X Z X Z

X =1C; of less than 0.5 ug/mL.

Y =1Csp of 0.5 pg/mL to 2 ug/mL.

7 =1Cs of greater than 2 ug/mlL..

ND = Not Determined.

Example 13
[0282] Selected B-lactamase inhibitors were also tested for their ability to

potentiate the monobactam tigemonam. The potentiation effect is observed as the ability
of BLI compounds to inhibit growth in the presence of sub-inhibitory concentration of
tigemonam. MIC of test strains vary from 8 pg/mL to > 128 pg/mL. Tigemonam is
present in the test medium at 4 pg/mL. Compounds tested at the highest concentration of
40 pg/mL. In this assay potency of compounds is determined as a concentration of BLIs
to inhibit growth of bacteria in the presence of 4 ug/mL of aztreonam (MPCe.). Tables
12 and 13 summarize BLI potency of tigemonam potentiation (MPCq4) for various
strains overexpressing class A (ESBLs), class C and class D beta-lactamases,
respectively. Tigemonam MIC for each strain is also shown. Table 12 summarizes
activity of BLIs to potentiate tigemonam against strains expressing class A ESBLs. Table
13 summarizes activity of BLIs to potentiate aztreonam against strains expressing class C

and D enzymes.
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D MiGenondnd/ 1L %o > 128 u?tg nL.legenqyan1|s present i1n th tes%
AMIA (rig/rig/ ri. Bompound¥ t est &Y %at tﬁ%_highé@t corfc@ntlr ati'on |of °'40
In this assayc,pot engyc,of | compoundsed,s |detrer, nl nedcas| airc, | Mpc,
ration of PBCIs-M-0¢ | nlikbi-t5 grom-h |jofHbazt esHvals h TERelopr esence 10M-%
of aztreohakP(OMPC@KP10Tab| es30R [aKAI01B | SKiHAEY | ZE€1MBRI| poitdngy eoh4
anTpeh.ent 1 ati og (MPC@hy fol vari ousisirai nspsover expr essi ng ¢l asg A
gl AnNd class D betaft actanmses, fespect veu{. T genmonam M C
h stkain i s al’So showh?d Tapl %% |sutftlri|z6s¥act i vi%Yy |of 2BLI g o°
at e t4 genoham agail hst gtral nszexpressgi ng class| A ESBls. Aablle 183
7es tTvity of Bt{s tp po en%\i ate aztreongmagar pst st s
Arg—€1ass anrd—berzyres———WD 2012/ 021455PCH US2011/ 1046957 TA@LE 12
mM& (1. 1g/oX) 512 286 >512Y256 64%256 >892 512X MECA ETX{M 14
MPCA 3CTX- M 15 KP1009 MPCA BHVZ5 ec308 MPCA 7ZSHV: 127KP1010%2 MPC4 SHV- 18
MPCA 48EM 10 7 4 Z Z Z V4 V4 Z
63 Z Y Z Y Y Z Z Z
64 Z Y Y X Y Y Z Z
67 Z Y V4 Y Y V4 Z Z
68 Y Y Y X X Y Y Y
X =MPCg, of less than 2 ug/mlL..
Y =MPCg4of 2 ug/mL to 10 ug/mlL..
7 = MPCg, of greater than 10 ug/mlL..
ND = Not Determined.
TABLE 13
Class C C C D S
Tigemonam MIC
2 1 2
(ug/mL) 3 6 56 8
MPC, MPC, CMY-6, MPC, MPC, OXA-10, | MPC, OXA-2,
ECL1002 EC1010 PAM2035 KP1007 KPX1001
Tazobactam 10 2.5 5 5 40
Clavulanic Acid >40 40 >40 <=0.6 1.25
5 Y X X Z X
9 Y Y Y V4 X
18 Y X X Y Y
37 X X X Z X
48 Y X Y V4 X
63 Y X Y Y X
64 X X Y X Y
67 Y X X Z X
68 Y X Y X X
X =MPCg, of less than 2 ug/mlL..
Y =MPCgqof 2 ug/mL to 10 ug/mlL.
7 = MPCg, of greater than 10 ug/mlL.
ND = Not Determined.



EC1009 MPC4 TEM 10 ec302 MPC4 TEM 26 ec304 Tazobactam 10 10 5 1.25 1.25 2.5
5 1.25 davulanic Acid 2.5 1.25 <=0.6 <=0.6 <=0.6 <=0.6 2.5 <=0.6 52272 2 Z
Z Z 72 7 WR2W2D2H58 Z Z Z 18 X XY X X XY PCT/US2011/046957

[0283] Checkerboard assays were used to evaluate the ability of Compound 5
to potentiate various carbapenems (biapenem, doripenem, ertapenem, imipenem, and
meropenem) against the strains expressing KPC alone or in combination with additional
beta-lactamases. The highest concentration of Compound 5§ was 10 mg/L. The results are
present in the Table 14. Compound S was capable to significantly potentiate multiple

carbapenems.

TABLE 14
Concentration of Compound 5 (mg/L) to Potentiate Carbapenem (mg/L)
Organism Strain | Enzymes | Antibiotic 0 016 | 031 | 0.625 | 1.25 | 25 5 10
Klebsiella 1 pp1004 | KPC2 | Biapenem | z | X X X X X X X
pneumoniae
Klebs1e1.1a KP1004 KPC-2 Doripenem Y Y X X X X X X
pneumoniae
Klebsiella | p 1004 | kP2 Ertapenem | Z V4 Y Y X X X X
pneumoniae
Klebsiella 1 yp1004 | KPC2 | Imipenem | z | X X X X X X X
pneumoniae
Klebs1e1.1a KP1004 KPC-2 Meropenem 7 Y Y X X X X X
pneumoniae
Klebsiella *} p1o08 | KPc2 | Biapenem | z | X | X | x | x | x | N6 | NG
pneumoniae
Klebsiella *\ 51008 | kPC2 | Doripenem | Y | X X X X X | NG | NG
pneumoniae
Klebsiella 1 ypg08 | kP2 | Frtapenem | z | X | x | x | x | X | NG | NG
pneumoniae
Klebsiella *} p10 | KPc2 | Imipenem | Y | X | X | x | x | x | N6 | NG
pneumoniae
Klebsiella | p1008 | KPC2 | Meropenem | Y | x | X | x | x | x | N6 | NG
pneumoniae
Klebs1e1.1a kplogy | KPC2, Biapenem Y X X X X X X X
pneumoniae SHV-1
Klebsiella | ppiger | KPC2, Doripenem | Y X X X X X X X
pneumoniae SHV-1
Klebs1e1.1a KP1082 KPC-2, Ertapenem Y X X X X X X X
pneumoniae SHV-1
Klebs1e1.1a kplogy | KPC2, Imipenem Y X X X X X X X
pneumoniae SHV-1
Klebs1e1.1a KP1082 KPC-2, Meropenem Y X X X X X X X
pneumoniae SHV-1
KPC-2,
. CTX-M-
Klebsiella | ep1087 | 15, SHV- | Biapenem | z | z | z | z | Y | v | x | x
pneumoniae 11
TEM-1
KPC-2,
. CTX-M-
Klebsiella *\ 1087 | 15, SHV- | Doripenem | z | z z z z Y Y X
pneumoniae 11
TEM-1
KPC-2,
, CTX-M-
Klebs1e1.la KP1087 | 15,SHV- | Ertapenem | Z V4 Z z z z Y Y
pneumoniae 11
TEM-1
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Y37 272272 2ZZ2Z2ZZZ48 22 Z 2272 Z2Z2ZZ63ZYZYYZZZ64ZYYXYY!Z
Z67 ZYZYYZZZ6B8YYYXX
WO 2012/021455 PCT/US2011/046957
KPC-2,
, CTX-M-
Klebs1e1.1a KP1087 | 15, SHV- Imipenem Z Y Y Y Y Y X X
pneumoniae 11
TEM-1
KPC-2,
Klebsiell CreM
COSICTE | ¥Pp1087 | 15, SHV- | Meropenem | Z z z z Z Y Y X
pneumoniae 11
TEM-1
Klebsiella | KX101 | KPC-2, .
oxytoca 9 OXA-2 Biapenem z Y Y Y Y Y X X
Klebsiella | KX101 | KPC-2, .
oxytoca 9 OXA-2 Doripenem | Y Y Y Y X X X X
Klebsiella | KX101 | KPC-2,
oxytoca 9 OXA-2 Ertapenem z Y Y Y Y Y X X
Klebsiella | KX101 | KPC-2, .
oxytoca 9 OXA-2 Imipenem Y Y Y Y X X X X
Klebsiella | KX101 | KPC-2,
oxytoca 9 OXA- | Meropenem | Y Y Y X X X X X
, KPC-2,
Klebsiella | X101 | oxa2, | Biapenem | Y | ¥ | Y | X | X | x | x | X
y SHV-30
, KPC-2,
Klebtswlla KX7101 OXA-2, | Doripenem | Y Y Y Y X X X X
oxytoca SHV-30
, KPC-2,
Klebsiella | KXIO1 | oxA2, | Ertapenem | z | ¥ | Y | Y | Y | x | x | X
y SHV-30
, KPC-2,
Klebtswlla KX71 0l | ox A2, Imipenem 4 Y X X X X X X
oxytoca SHV-30
, KPC-2,
Kolzbts(l)ilala KX71 01 OXA-2, Meropenem Y Y Y X X X X X
y SHV-30
, KPC-2,
Klebtswlla KX8101 SHV 40, Biapenem 7 X X X X X NG NG
oxytoca OXY-1
, KPC-2,
Klebsiella | KXIO1 | s1v-0, | Doripenem | Y | x | X | X | X | X | NG | NG
y OXY-1
, KPC-2,
Klebsiella | X101\ SHv-40, | Ertapenem | z | X | X | X | X | X | NG | NG
y OXY-1
, KPC-2,
Klebtswlla KX8101 SHV-40, Imipenem Y X X X X X NG NG
oxytoca OXY-1
, KPC-2,
Klebsiella | KXIO1 | SHv-40, | Meropenem | Y | X | X | X | x | X | NG | NG
y OXY-1
Escléf(:)lilichla EC1007 KPC-3 Biapenem Z X X X X X X X
Escl;zrllichla EC1007 | KPC-3 Doripenem | Y X X X X X X X
ESC};Z%CM"‘ EC1007 | KPC-3 | Ertapenem | Z | X X X X X X X
Escléf(:)lilichla EC1007 KPC-3 Imipenem Z X X X X X X X
ESC};Z%CM“ EC1007 | KPC-3 | Meropenem | Y | X X X X X X X
KPC-3,
Foterobacter | BCLA0 1 spvois, | Bipenem | 2 | Y | Y | Y | x | X | x | X
TEM-1
KPC-3,
Enterobacter | ECL10 SHV-11, | Doripenem | Z Y Y Y Y X X X
cloacae 58 TEM-1
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N M

Ol =<

YY X =MC@& of less than 2 vg/nL. Y = MPC@ of 21.tg/nL to 10 vg/nL. Z
MP of greater than 10 vg/nmL. ND = Not Determ ned. TABLE 13 Cass CC
D S Ti geovnev2Ms€ (1. 1g/nl) 32 16 8 256 8 MPC4 ECL10@ETNBGM1CAYSE,
C1010 MPC4 PAMRO35 MPCA OXA- 10, KPL007 MPC4 OXA-2, KPXL1001 Tazobactam 10
.5 5 5/ 40 O avyl ani c; Acj.d 340 40 >40 <=0.6,1.25 5 Y| X X;Z X9 Y
Foterobacter | BCLA0 1 spvoit, | Brapenem |z |z |z |z | Y | Y | x | X
TEM-1
KPC-3,
Ent(;.robacter EC5L81 0 SHV-11, Imipenem Z Y Y Y X X X X
cloacae TEM—l
KPC-3,
Eni(;.(r)(;lzzzter EC5L81 0 SHV-11, Meropenem Z Y Y Y Y X X X
TEM-1
KPC-3,
Ent(;.robacter EC5]§1 0 SHV-12, Biapenem Y X X X X X X X
cloacae TEM—l
KPC-3,
Enz(r)‘:;:zter ECSLgm SHV-12, | Doripenem | Y | X X X X X X X
TEM-1
KPC-3,
Ent(;.robacter EC5];1 0 SHV-12, Ertapenem Y X X X X X X X
cloacae TEM—l
KPC-3,
Faterobacter | BCLIO | spvo1a, | mmipenem | Y | X | X | X | x | X | x | X
TEM-1
KPC-3,
Eni(;.(r)(;lzzzter ECSI§10 SHV-12, Meropenem Y X X X X X X X
TEM-1
) KPC-3,
Klebsiella | (51023 SHV-1, Biapenem z Y X X X X X X
pneumonlae rIvEM_l
) KPC-3,
Iiiﬁfé}:e KP1083 | SHV-1, | Doripenem | Z | Y X X X X X X
p TEM-1
) KPC-3,
Klebsiella | (51023 SHV-1, | Ertapenem | Z Y X X X X X X
pneumonlae rIvEM_l
) KPC-3,
Iiiﬁfé}:e KP1083 | SHV-1, | Imipenem | Z | Y X X X X X X
p TEM-1
) KPC-3,
Klebsiella | pp 1063 | SHV-1, | Meropenem | 7 | Y X X X X X X
pneumonlae rIvEM_l
) KPC-3,
reomine | KP1084 | SHV-IL | Biapenem | z | z | z | z | z | Y | X | X
p TEM-1
) KPC-3,
Klebsiella 1 yp1084 | SHV-11, | Doripenem | z | z | z | z | v | Y | v | x
pneumonlae rIvEM_l
) KPC-3,
ﬁ;ﬁﬁféfze KP1084 | SHV-11, | Ertapenem | Z | 7 Z z z z Y Y
p TEM-1
) KPC-3,
Klebsicla | gp1oga | SHV-1L, | Imipenem | z | z | z | Y | Y | Y | X | X
p TEM-1
) KPC-3,
ﬁ;ﬁﬁféfze KP1084 | SHV-11, | Meropenem | 7 | 7 Z z z Y Y X
p TEM-1
) KPC-3,
Iiiﬁfé}:e KP1088 | SHV-11, | Biapenem | Z | Y X X X X X X
p TEM-1
) KPC-3,
Klebs1e1.1a KP1088 | SHV-11, | Doripenem Y Y Y X X X X X
pneumonlae rIvEM_l
) KPC-3,
Iiiﬁfé}:e KP1088 | SHV-11, | Ertapenem | Z | 7 Y X X X X X
p TEM-1
) KPC-3,
Klebsiella | pp 1008 | SHV-11, | Tmipenem | 7 | Y X X X X X X
pneumonlae rIvEM_l
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YYZX1I8YXXYVY37TXXXZX48 Y XY ZX63YXYYX64 XXYXY 67
Y XXZX68YXYXXX=MCa&@ of less than 2 vg/nL. Y = MPC@ of
21.tg/ nL WO 20/02¢458L.. Z = MPC@ of greater than 10 vg/ mPCTNIS2611/M@¢957
Determ ned. Exanple 14

Klebsiella KPC-3,
. KP1088 | SHV-11, | Meropenem | Z Y Y X X X X X
pneumoniae TEM.1

X =MIC of less than 0.5 mg/L.
Y = MIC of 0.5 mg/L to 4 mg/L..
7, = MIC of greater than 4 mg/L..
NG = No Growth.

Example 15

[0284] An in vivo model can be used to evaluate the single dose
pharmacokinetic properties and absolute oral bioavailability of a test compound. As
described more specifically below, a test compound is administered to Sprague-Dawley
(SD) rats either intravenously or orally in a crossover study design and the resulting
pharmacokinetic properties and oral bioavailability are measured.

[0285] For intravenous administration, male rats were given a 30 minutes
intravenous infusion dose of 20 or 50 mg/kg of Compound S via femoral vein cannula.
Plasma samples (0.3ml) were collected from jugular vein cannula at 0.17, 0.33, 0.47,
0.58, 0.68, 0.75, 1, 2, 3, 4, and 6 hrs after the dosing. For oral administration, male rats
were given 50 mg/kg of Compound 5 (in saline) or Compound 62 (in 100% ethanol)
orally using an oral gavage tip. Plasma samples were collected from each rat at 0.08, 0.17,
0.25, .33, .50, .75, 1, 2, 3, 4, and 6 hrs after the dosing.

[0286] Plasma concentrations of the compounds were tested using LC/MS/MS
method with a lower limit of quantification of 10ng/mL for Compound S and 100ng/mL
for Compound 62. Extraction: 5S0uL volumes of plasma from samples and standards were
extracted using 200uL of methanol with 100mM ammonium acetate, 2ug/mL gatifloxacin
(internal standard for Compound 62) and 2ug/mL Compound 38 (internal standard for
Compound §). The samples were mixed and centrifuged for 30min at 3000xg. 150uL of
supernatant was removed and added to 450uL of water.

[0287] HPLC — mass spectrometry: An Agilent 1100HPLC pump, HTC PAL
autosampler and a Sciex 3200Q mass spectrometer were used for separation and
quantification. Compound 62 and its internal standard were detected using +ESI
Compound 5 and its internal standard were detected using —ESI. LC/MS/MS: 1) Column:
Chromolith FastGradient RP-18e, 50 x 2mm; 2) Mobile phase A: Aqueous Water with
0.1% TFA, Orgainic phase B: Acetonitrile with 0.1% TFA; Flow Rate: 600uL/min;
Injection volume: 10uL; HPLC gradient: 5% B—60%B, 0.01—1.5 min; 60% B, 1.5—1.6
min; 60%B—5%B, 1.6—1.7 min; 5%B, 1.7—2.7 min.
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WO 2012/ 021455PCT/ US2011/ 046957 [ 0283] Checker board assays were used to
evaluate the ability of Conpound 5 to potentiate vari ous carbapenens
(bi apenemvoaoripessem ertapenem im penem and ner openeRLCTAFINSY6IShe
strains expressing KPC al one or in conbination with additional

bet a-| act anase e hj,ghest concentration of ound 5 a0 /L, The
Posul ta are or BBSATS PIEES baBRBaEin ko nReIs0 Ro STy o (PhRasight
si gni fi capblpy MpQenh vadwe, (| ti pl e carbapenems. TABLE 14  Concentration of

Conmpound 5 (ng/L) to Potentiate Carbapenem (ng/L) Organism Strain Enzynes
Anti biotic 0 O[0289D. 31nOthép Txpergert, ShiBe 1Malk] spraged | Rawlepnatsnoreee FRN1 004

KPC-2 Bi apenem Z X X X X X Kl ebsiella neu e KP 1004 KPC- 2
Dor | pemeneanoR S R RP b o arov syl BNEE D (0 o RPe. OO Fere
collected and analyzed. As shown in the above Table 15 and Figure 1, Compound 5 has a

linear PK in rats. However, Compound 5 it is not orally absorbed.

[0290] TABLE 15
Route of Dose/ Ty (hr) Cmax CL/F AUC
Adm (mg/kg) . (mg/L) (L/m/kg) | (mg-h/L)
1\ 20 1.56 19.82 1.65 12.15
1\ 50 4.53 45.93 1.77 28.19
PO 50 1.55 0.29 60.38 0.81
[0291] In this experiment, three male Sprague dawley rats were given

Compound 5 by intravenous or Compound 62 orally (pro-drug for Compound 5). Plasma
samples were collected at designated time points and analyzed for the presence of
Compound 5. This study was designed to determine the oral bioavailability of Compound
62 a pro-drug of Compound 5. Male rats (non-fasted) were orally administered 50 mg/kg
of the prodrug Compound 62. As shown in Figure 2, the pro-drug of Compound 5 has
oral bioavailability of greater than 80%.

[0292] Polymorphs can be detected, identified, classified and characterized

using well-known techniques such as, but not limited to, differential scanning calorimetry

(DSC), thermogravimetry (TGA) and powder X-ray diffractometry (PXRD).

Example 16
[0293]

diffraction ("PXRD"). The X-ray diffraction data were collected at room temperature

The crystal structure of Compound S was analyzed using X-ray powder

using a PANalytical X Pert Pro diffractometer (Cu Ko radiation) fitted with an automatic
sample changer, a theta-theta goniometer, automatic beam divergence slits, a secondary
monochromator and a scintillation counter. Samples were prepared for analysis by
packing the powder into a 12mm diameter, 0.25mm deep cavity that had been cut into a
Si zero-background wafer specimen mount. The sample was rotated while being
irradiated with copper K-alpha 1 X-rays (wavelength = 1.5406 Angstroms) with the X-ray

tube operated at 45kV/40mA. The analyses were performed with the goniometer running
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ErtapenemZ Z Y Y X X X X Klebsiella . pneunomae KP 1004 KPC-2 | m penem Z X
XXX XXX Klebsiella . pneunonae KP 1004 KPC-2 MeropenemZ Y Y X X X X X
Kl ebsi el Is0.20ermsdmae KP 1008 KPC-2 Bi apenem Z X X X XPRTNS2MEG0kdoebhsi el | a

in continuous mode set for a 5 second count per 0.02° step over a two theta range of 2° to
55°. The illustrative PXRD pattern for Compound 5 is shown in Figure 3.

[0294] As will be appreciated by the skilled crystallographer, the relative
intensities of the various peaks reported in Figure 3 may vary due to a number of factors
such as orientation effects of crystals in the X-ray beam or the purity of the material being
analyzed or the degree of crystallinity of the sample. The peak positions may also shift for
variations in sample height but the peak positions will remain substantially as defined in
Figure 3. The skilled crystallographer also will appreciate that measurements using a
different wavelength will result in different shifts according to the Bragg equation - nA =
2d sin 0. Such further PXRD patterns generated by use of alternative wavelengths are
considered to be alternative representations of the PXRD patterns of the crystalline
materials of the present invention and as such are within the scope of the present
invention.

[0295] Table 16 lists peak positions and relative intensities for the PXRD
pattern of Figure 3. Accordingly, some embodiments include a crystalline form of
Compound 5 having three or more, four or more, five or more, six or more, seven or
more, eight or more, nine or more, or ten or more characterstic PXRD (wavelength =
1.5406 A) peaks selected from 9.0°, 15.7°, 17.3°, 17.6°, 18.1°, 21.3°, 22.4°, 23.5°, 24.9°,
27.2°,27.4°, 28.1°, 29.1°, 31.2°, and 35.7° 20. Some embodiments include a crystalline
form of Compound 5 having three or more, four or more, five or more, or six
characterstic PXRD (wavelength = 1.5406 A) peaks selected from 9.0°, 17.3°, 17.6°,
18.1°,22.4°, and 27.2° 20. Some embodiments include a crystalline form of Compound 5
having characteristic PXRD (wavelength = 1.5406 A) peaks at 9.1°, 17.3°, 17.6°, and

18.1° 26.
TABLE 16

d-spacing

°20 Area [cts’20] [A]
9.0088 870.8 9.80831
12.0132 29.19 7.36118
13.2369 19.12 6.68332
15.4527 55.73 5.72961
16.6911 41.97 5.30719
17.3464 285.76 5.10815
17.59 171.25 5.03794
18.1212 475.59 4.89145
19.9585 23.95 4.4451
20.1214 18.12 4.40949
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pneunomae KP 1008 KPC-2 DoripenemyY X X X X
pneunonmae KP 1008 KPC-2 ErtapenemZ X X X X X
KP 1008 KwpQ201402i438nem Y X X X X X NG NG Kl ebs
KPC-2 MeropenemY X X X X

X NG NG Kl ebsiella .
NG NG Kl ebsiella . pneunomae
iella . pReUtsSaea/0KkP51008

21.3328 84.5 4.16175
22.4035 147.38 3.96521
22.9212 39.45 3.87681
23.48 60.99 3.78579
24.8881 77.52 3.5747
26.1352 20.92 3.40689
26.3458 20.23 3.38013
27.2278 162.9 3.27261
27.357 50.29 3.25744
28.0871 54.62 3.17441
29.0644 51.29 3.06985
29.63 30.23 3.01253
30.1989 19.34 2.95706
31.2457 65.66 2.86033
32.1641 32.04 2.78073
33.7983 19.84 2.64992
35.1614 21.23 2.55025
35.6871 57.8 2.51388
36.5979 22 2.45338
37.7599 33.73 2.3805
39.8439 31.99 2.26066

[0296] As is well understood in the art, because of the experimental variability
when X-ray diffraction patterns are measured on different instruments, the peak positions
are assumed to be equal if the two theta (20) values agree to within 0.2° (i.e., + 0.2°). For
example, the United States Pharmacopeia states that if the angular setting of the 10
strongest diffraction peaks agree to within + 0.2° with that of a reference material, and the
relative intensities of the peaks do not vary by more than 20%, the identity is confirmed.
Accordingly, peak positions within 0.2° of the positions recited herein are assumed to be
identical.

Example 17

[0297] DSC measure thermal transition temperatures at which a crystalline
form absorbs or releases heat when its crystal structure changes or it melts. TGA is used
to measure thermal stability and the fraction of volatile components of a sample by
monitoring the weight change as the sample is heated. If infrared spectroscopy is
conducted on the volatile components outgassed during TGA analysis of a
pseudopolymorph (TGA-IR), then the molecular composition of the pseudopolymorph
can be determined. These techniques are thus useful for characterizing solid state forms
existing as solvates and/or hydrates.

[0298] Compound 5 was analyzed using differential scanning calorimetry

(DSC). A TA Instruments Q100 differential scanning calorimeter equipped with an
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X NG NG Kl ebsi el | a pneunomae P. K 1082 KPC-2, SHV-1 BiapenemyY X X X X X X X
Kl ebsi el | a pneunbmae P. K 1082 KPC-2, SHV-1 DoripenemyY X X X X X X X

Kl ebsi el Isopaeimnisse P. K 1082 KPC-2, SHV-1 Ertapenem Y RCXUR20{1M4645K

Kl ebsi el | a pneunromae P. K 1082 KPC-2, SHV-1 | m penem Y

autosampler and a refrigerated cooling system under 40 mL/min N, purge was used to
perform the analysis. Each sample was heated from 25 to 300°C at 15°C per minute in an
aluminium pan with the lid laid on top, with a nitrogen purge gas. The data from DSC
analyses are dependent on several factors, including the rate of heating, the purity of the
sample, crystal size, and sample size. The DSC thermogram obtained for the sample of
Compound 5 is shown in Figure 4 overlayed with the TGA thermogram. These data
reveal a single endothermic transition at 155°C.

[0299] Thermogravimetric-infrared (TG-IR) Analysis was preformed on a TA
Instruments Q5000 thermogravimetric analyzer interfaced to a Nicolet 6700 FT-IR
spectrometer (Thermo Electron) equipped with an external TGA-IR module with a gas
flow cell and DTGS detector. The FT-IR wavelength verification was performed using
polystyrene, and the TG calibration standards were nickel and Alumel™. The sample was
placed in a platinum or aluminium sample pan, and the pan was inserted into the TG
furnace. The TG instrument was started first, immediately followed by the FT-IR
instrument. The TG instrument was operated under a flow of helium at 90 and 10 cc/min
for the purge and balance, respectively. The furnace was heated under nitrogen at a rate of
15°C./minute to a final temperature of 230°C. IR spectra were collected approximately
every 32 seconds for approximately 13 minutes. Each IR spectrum used 32 co-added
scans collected at a spectral resolution of 4 cm™. The TGA thermogram obtained for the
sample of Compound 5 is shown in Figure 4 overlayed with the DSC thermogram. These
TGA data with IR analysis of the evolved gas indicate that the input material is non-
solvated but loses one mole-equivalent of water between 135 and 181°C.

[0300] [0338]  All references cited herein, including but not limited to
published and unpublished applications, patents, and literature references, are
incorporated herein by reference in their entirety and are hereby made a part of this
specification. To the extent publications and patents or patent applications incorporated
by reference contradict the disclosure contained in the specification, the specification is
intended to supersede and/or take precedence over any such contradictory material.

[0301] The term “comprising” as used herein is synonymous with “including,”
“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

[0302] All numbers expressing quantities of ingredients, reaction conditions,
and so forth used in the specification are to be understood as being modified in all

instances by the term “about.” Accordingly, unless indicated to the contrary, the
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XXX XXX X Klebsiella pneunomae P. K 1082 KPC-2, SHV-1 MeropenemY X X X
X X X X Kl ebsiella . pneunonae KP 1087 KPC-2, CTX-M 15, SHv- 11, TEM1

Bi apenemW¥020R2/@21485Y X X Kl ebsiella . pneunonae KP 1087 PKPMTS20110445M 15,
SHv- 11, TEM 1 DoripenemZ Z Z

numerical parameters set forth herein are approximations that may vary depending upon
the desired properties sought to be obtained. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the scope of any claims in any
application claiming priority to the present application, each numerical parameter should
be construed in light of the number of significant digits and ordinary rounding
approaches.

[0303] The above description discloses several methods and materials that are
susceptible to modifications, as well as alterations in the fabrication methods and
equipment. Such modifications will become apparent to those skilled in the art from a
consideration of this disclosure or practice of the methods disclosed herein.
Consequently, it is not intended that this invention be limited to the specific embodiments
disclosed herein, but that it cover all modifications and alternatives coming within the

true scope and spirit of the invention.
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ZZYY XK ebsiella. pneunomae KP 1087 KPC-2, CTX-M 15, SHv- 11, TEM1
Ertapenem Z Z Z Z Z Z Y Y WD 2012/ 021455PCT/ US2011/ 046957 Kl ebsiell a .
pneunomaewBROLROBT4SKPC- 2, CTX-M 15, SHV- 11, TEM 1 | m p@a&mhs2o1y/ox69y’ Y Y X X
Klebsiella . pneunomae KP 1087 KPC-2, CTX-M 15, SHv- 11, TEM1

WHAT IS CLAIMED 1S:

1. A compound having the structure of formula I:
R1
Y
R8
PN X
HO )
RS "
R7

|

or a pharmaceutically acceptable salt thereof, wherein:

Y is a 1-4 atom alkylene or 2-4 atom alkenylene linker, optionally
substituted by one or more substituents selected from the group consisting of Cl,
F, CN, CF;, -R’, -OR’, -C(=0)NR’R", and -C(=0)OR’, wherein said alkylene or
alkenylene linker is optionally fused to an optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted carbocyclyl, or optionally substituted
heterocyclyl;

R' is selected from a group consisting of -Cjoalkyl, -Cyoalkenyl, -Cs.
salkynyl, -NR’R'’, -CpoalkyIR"!, -C,0alkenylR"!, -C,0alkynylR"', -carbocyclyl-
R'",  -CH(OH)C alkylR’, -CH(OH)C,oalkenylR’, -CH(OH)C,.alkynyIR’,
-CH(OH)carbocyclyl-R’, -C(=O)R’, -C(=0)Cj.oalkylR’, -C(=0)Cy.oalkenylR’,
-C(=0)CaalkynylR’, -C(=0)C,.ocarbocyclyl-R’, -C(=0)NR’R", -N(R*)C(=O)R’,
-N(R”)C(=O)NR’R'?, ~N(R*)C(=0)OR’, -N(R”)C(=0)C(=NR'*)R’,
-NR*)C(=0)C(=CR’R')R’, -N(R*)C(=0)C;4alkyIN(R")C(=0)R’,
-NR)C(E=NR'OR?,  -C(=NR'HNR’R', -N=CR’NR’RY, -NR’SO,R’,
—N(RQ)SOQNRQRIO, —N:CHRQ, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted carbocyclyl, and substituted
or unsubstituted heterocyclyl;

R® is selected from a group consisting of H, -Cjoalkyl, Cyalkenyl, -Ca.
salkynyl, carbocyclyl, -CjoalkylR"", -Cy.0alkenylR"!, -C50alkynylR"!, carbocyclyl-
R, -C(=0)OR’, -CalkylCO,R’, -C,oalkenylCO,R’, —C,0alkynylCO,R’, and
-carbocyclyl-CO,R’, or alternatively:
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MeropenemZ Z Z Z Z Y Y X Klebsiella oxytoca KX101 9 KPC- 2, OXA-2 Bi apenem
ZYYYYY X X Klebsiella oxytoca KX101 9 KPC 2, OXA-2 DoripenemY Y Y Y X
X X X Kl ev®izeldmi1458yt oca KX101 9 KPC- 2, OXA-2 Ert apenemPZTNISIIY/0X69Y7

(iv)  R®and an R’ are taken together with the atoms to which
they are attached to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl,

(v) R® and a carbon atom in Y are taken together with
intervening atoms to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstitued heterocyclyl, or

(vi)  RC®is absent when the carbon to which it is attached is a ring
atom in an aryl or heteroaryl ring;

each R’ is independently selected from a group consisting of H, halo , -C,_
salkyl, -Csoalkenyl, -Csoalkynyl, —-NR’R'’, -OR’, -C oalkylCO,R’, -C,.
salkenylCO,R’, —C 9alkynylCO,R’, and -carbocyclyl-CO,R’, or independently:

1) R® and an R’ are taken together with the atoms to which
they are attached to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl,

(i1) R’ and an R® are taken together with the atoms to which
they are attached to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl,

(iii) an R’ and a carbon atom in Y are taken together with

g
intervening atoms to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstitued heterocyclyl,

(iv)  each of the following conditions are met:

(a) Y is a 3-4 atom alkylene or 3-4 atom alkenylene

linker,

(e) Ris absent,

(f) R’ and a carbon atom in Y are taken together
with intervening atoms to form a substituted or
unsubstituted aryl or a substituted or
unsubstituted heteroaryl, and

(g) each R® attached to a ring atom forming part of
the substituted or unsubstituted aryl or a
substituted or unsubstituted heteroaryl formed

by R”and Y is absent;
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X X Kl ebsiella oxytoca KX101 9 KPG-2, OXA-2 ImpenemY Y Y Y X X X X

Kl ebsi el | a oxytoca KX101 9 KPC- 2, OXA-2 MeropenemY Y Y X X X X X

Kl ebsi el I'sOoarZi@@e45KX101 7 KPC- 2, OXA-2, SHV-30 Bi apene®CY/US201M4M45K X X
Kl ebsi el | a oxytoca KX101 7

each R® is independently selected from a group consisting of H, halo , -C,_
salkyl, -Csoalkenyl, -Csoalkynyl, —-NR’R'’, -OR’, -C oalkylCO,R’, -C,.
salkenylCO,R’ ~Cy.0alkynylCO,R’, -carbocyclyl-CO,R’, or independently:

1) an R’ and an R® are taken together with the atoms to which
they are attached to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl,

(i1) a geminal R’ and R® together form—C,.o alkenylenylCO,R’,
or

(iii) each R® attached to a ring atom forming part of a
substituted or unsubstituted aryl is absent;

each R is independently selected from a group consisting of H, -C}.oalkyl,
Caoalkenyl, -Csoalkynyl, carbocyclyl, -CjoalkylR', -CjoalkenylR'!, -C,
salkynylR", -carbocyclyl-R", substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted carbocyclyl, and substituted
or unsubstituted heterocyclyl;

each R' is independently selected from a group consisting of H, -C).
salkyl, -OR’, -CH(=NH), -C(=0)OR’, substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, substituted or unsubstituted carbocyclyl, and
substituted or unsubstituted heterocyclyl;

each R'' is independently selected from a group consisting of substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted carbocyclyl, and substituted or unsubstituted heterocyclyl;

X is selected from a group consisting of H, -CO,R'?, and carboxylic acid
isosteres;

R!? is selected from a group consisting of H, Cjoalkyl, -(CHj)o3-Ry,
-C(R"),0C(0)Cy.0alkyl, -C(R7),0CO)R", -CR"),0C(0)OC,.,alkyl and
-C(R'),0C(0)OR';

each R" is independently selected from a group consisting of H and C;.
salkyl; and

m is independently zero or an integer from 1 to 2,

wherein each Cjoalkyl, C,oalkenyl, and C,oalkynyl is independently
optionally substituted.

2. The compound of claim 1, having the structure of formula II:
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KPC- 2,
KPC- 2,
KPC- 2,
KPC- 2,

OXA-2, SHV-30 DoripenemY Y Y Y X X X X Klebsiella oxytoca KX101 7
OXA-2, SHV-30 ErtapenemZ Y Y Y Y X X X Klebsiella oxytoca KX101 7
OWO2012814530 I mipenem Z Y X X X X X X Kl ebsi el | @Cotise@aa4d9X101 7
OXA- 2, SHV-30 Meropenem

11
or a pharmaceutically acceptable salt thereof, wherein:

the bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond with the proviso that
the dashed and solid line can only be a double bond when n is 1;

R? and R* are independently selected from a group consisting of Cl, F, CN,
CFs, -R’, -OR’, -C(=0)NR’R"’, and -C(=0)OR’; or alternatively, R* and R* are
taken together with the atoms to which they are attached to form a substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted carbocyclyl or substituted or unsubstituted heterocyclyl;

R* and R’ are independently selected from a group consisting of Cl, F, CN,
CFs, -R’, -OR’, -C(=0)NR’R"’, and -C(=0)OR’, with the proviso that if the bond
represented by a dashed and solid line is a double bond then R* and R’ are absent;
and

n is independently zero or an integer from 1 to 2.
3. The compound of claim 2 having the defined 3,6-cis-stereochemistry

shown in formula Ila:

IIa

or a pharmaceutically acceptable salt thereof.
4. The compound of claim 2 having the defined 3,6-trans-stereochemistry

shown in formula IIb:
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XX X<
XX X<
XX X<

X X X X X Klebsiella oxytoca KX101 8 KPC-2, SHV-40, OXY-1 Bi apenem Z
X X NG NG Kl ebsi el l a oxytoca KX101 8 KPC- 2, SHV-40, OXY-1 Dori penemY
X XN NG2Kisebsi el | a oxytoca KX101 8 KPC-2, SHV- 40CTOSW11/0EYSAapenem Z

ITb

or a pharmaceutically acceptable salt thereof.

5. The compound of any one of claims 2 to 4, wherein:

R' is selected from a group consisting of -Cjoalkyl, -Cy.oalkenyl, -Cs.
salkynyl, -NR’R'?, -CjoalkylR"!, -C;oalkenylR", -C,.oalkynylR'", -CH(OH)C;.
salkylR®, -CH(OH)C,.alkenylR’, -CH(OH)C,.alkynylR’, -C(=O)R’, -C(=0)C,.
salkylR’,  -C(=0)ChoalkenylR’,  -C(=0)CroalkynylR’,  -C(=O)NR’R',
-N(R*)C(=O)R’, -N(R”)C(=0)NR’R", ~N(R")C(=0)OR’,
-N(R*)C(=0)C(=NR')R’, -N(R*)C(=0)C 14alkyIN(R”)C(=O)R’, -
NR)C(E=NROR?,  -CENRONRRY, -N=CR")NRR, -NR”)SO.R’, -
N(RQ)SOZNRQRIO, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted carbocyclyl, and substituted or
unsubstituted heterocyclyl;

R® is selected from a group consisting of H, -Cjalkyl, C,alkenyl, -C,.
oalkynyl, -CpoalkylR', -C,oalkenylR", -C,.oalkynylR', -C(=O)OR’, and -C,.
0alkylCO,R’, -CyoalkenylCO,R’, and —C,.0alkynylCO,R’, or alternatively R® and
an R’ are taken together with the atoms to which they are attached to form a
substituted or unsubstituted carbocyclyl or substituted or unsubstituted
heterocyclyl;

each R’ is independently selected from a group consisting of H, -NR’R'’,
-OR’, and -C0alkylCO,R’, -CsoalkenylCO,R’, and -CyoalkynylCO,R’, or
independently, R® and an R’ or independently an R’ and an R® are taken together
with the atoms to which they are attached to form a substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl;

each R® is independently selected from a group consisting of H, -NR’R'’,
-OR’, and -CpoalkylCO,R’, -CoalkenylCO,R’, and —C,oalkynylCO,R’, or

independently, an R” and an R® are taken together with the atoms to which they
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X X NG NG Kl ebsiell a oxytoca KX101 8 KPC-2, SHV-40, OXY-1 ImpenemY X X X
X X NG NG Kl ebsi el l a oxytoca KX101 8 KPC 2, SHV-40, OXY-1 MeropenemY X X X
X X NG NovBazetreari4shi a coli ECL007 KPC-3 Bi apenem Z X X RCKUS204146957

cherichia coli EC1007

are attached to form a substituted or unsubstituted carbocyclyl or substituted or

Es

unsubstituted heterocyclyl;

each R is independently selected from a group consisting of H, -C}.oalkyl,
Coalkenyl, -Choalkynyl, -CjoalkylR', -CsoalkenylR", -C,oalkynylR",
substituted or wunsubstituted aryl, substituted or wunsubstituted heteroaryl,
substituted or unsubstituted -(CH,)g.scarbocyclyl, and substituted or unsubstituted
heterocyclyl;

each R' is independently selected from a group consisting of H, -C).
oalkyl, —OR9, -CH(=NH), substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted carbocyclyl, and substituted
or unsubstituted heterocyclyl; and

X is selected from a group consisting of H, -CO,H and carboxylic acid

isosteres.
6. The compound of any one of claims 2 to 4, wherein n is 1.
7. The compound of claim 1, having the structure of formula Illa or IIlb:

R3 R4 R3 R4

R® R®

II1a

or a pharmaceutically acceptable salt thereof, wherein:

the bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

each R* and R" are independently selected from a group consisting of Cl,
F, CN, CF;, -R’, -OR’, -C(=O)NR’R'’, and -C(=0)OR’; or alternatively, an R*
and R* are taken together with the atoms to which they are attached to form a
substituted or unsubstituted aryl, substituted or wunsubstituted heteroaryl,
substituted or unsubstituted carbocyclyl or substituted or unsubstituted
heterocyclyl;

each R® and R’ are independently selected from a group consisting of Cl,

F, CN, CF;, -R’, -OR’, -C(=0)NR’R'’, and -C(=O)OR’, with the proviso that if
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KPC-3 DoripenemyY X X X X X X X Escherichia coli EC1007 KPC-3 Ertapenem Z X
X X X X X X Escherichia coli ECLO07 KPC-3 ImpenemZ X X X X X X X
Escheri chwea 20/6214€1007 KPC-3 Meropenem Y X X X X X X XPEmfuscaha¢tost

cl oacae ECL10
the bond represented by a dashed and solid line is a double bond then R® and R’

are absent.
8. The compound of claim 7, having the 3,7-cis-stereochemistry shown in
formula IlIc and I1Id:

R3 R4 R3 R4

R® R®

IlIc

or a pharmaceutically acceptable salt thereof.

9. The compound of claim 7, having the 3,7-trans-stereochemistry shown in

formula IIle and IIIf:
R3 R4 R3 R4

R® R®

Ile 11t

or a pharmaceutically acceptable salt thereof.

10. The compound of claim 1, having the structure of formula IVa, IVb, or

IVc:
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58 KPC-3, SHV-11, TEM1 BiapenemZ Y Y Y X X X X Enterobacter cloacae ECL10
58 KPC-3, SHV-11, TEM1 DoripenemZ Y Y Y Y X X X WO

2012/ 021486RCI/I2EB3811/ 046957 Ent er obact er cl oacae ECL10PEZ/USPG18469SHV- 11,
TEM1 ErtapenemZ Z Z Z Y Y X X Enterobacter cloacae ECL10 58 KPC- 3,

IVe
or a pharmaceutically acceptable salt thereof, wherein:

the bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

each R* and each R” are independently selected from a group consisting of
Cl, F, CN, CF3, -R’, -OR’, -C(=0)NR’R", and -C(=0)OR’; or alternatively, an R
and an R" are taken together with the atoms to which they are attached to form a
substituted or unsubstituted aryl, substituted or wunsubstituted heteroaryl,
substituted or unsubstituted carbocyclyl or substituted or unsubstituted
heterocyclyl;

each R? and each R are independently selected from a group consisting of
Cl, F, CN, CF;, -R’, -OR’, -C(=0)NR’R", and -C(=0)OR’, with the proviso that
if the bond represented by a dashed and solid line is a double bond then the R® and
R’ attached to the carbon atoms bonded that bond are absent.
11. The compound of claim 10, having the 3,8-cis-stereochemistry shown in

formula IVd, IVe, and IVf:
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SHV-11, TEM1 ImpenemZ Y Y Y X X X X Enterobacter cloacae ECL10 58 KPC 3,
SHV-11, TEM1 MeropenemZ Y Y Y Y X X X Enterobacter cloacae ECL10 59
X X X X

KPC- 3, SHwvoRR12/0PENMS1 Bi apenem Y X X X Ent er obacPen/uskaawa«@sECL10 59
KPC-3, SHV-12, TEM 1 Dori penemY

R R4

Ivd IVe

or a pharmaceutically acceptable salt thereof.

12. The compound of claim 10, having the 3,8-trans-stereochemistry shown in

formula IVg, IVh, and IVi:
R2 R4
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X X X Enterobacter cloacae ECL10 59 KPC-3, SHV-12, TEM 1 Ertapenem
X X X X Enterobacter cloacae ECL10 59 KPC-3, SHV-12, TEM 1 | m penem
W8 22025 er obact er cl oacae ECL10 59 KPC- 3, SHYCTAIS20MENKGRS7

mY X X X X

or a pharmaceutically acceptable salt thereof.

13. The compound of any one of claims 2-12, wherein each Rz, R’ , R4, and R’
are hydrogen.

14. The compound of any one of claims 2-13, wherein the bond represented by
a dashed and solid line is a single bond.

15. The compound of any one of claims 2-13, wherein the bond represented by
a dashed and solid line is a double bond.

16. The compound of any one of claims 1-15, wherein R® and each R and R®
is hydrogen.

17. The compound of any one of claims 1-16, wherein R' is -NHC(=0)C,.
salkylR'",

18. The compound of claim 17, wherein R'! is substituted or unsubstituted aryl
or substituted or unsubstituted heteroaryl.

19. The compound of claim 18, wherein R'" is thien-2-yl.

20. The compound of any one of claims 1-19, wherein R' is
—NHC(:O)C(:NORQ)RQ’, wherein R” is selected from the group consisting of Cj_oalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted carbocyclyl and substituted or unsubstituted heterocyclyl.

21. The compound as in any one of claims 1-20, wherein X is -COH.

22. The compound as in any one of claims 1-20, wherein X is a carboxylic
acid isostere.

23. The compound of claim 22, wherein the carboxylic acid isostere is selected

from the group consisting of -P(O)OR”),, -P(O)R’)(OR’),-P(O)(OR'),, -
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XXZE2RX

ebsiella . pneunormae KP 1083 KPC-3, SHV-1, TEM1 BiapenemZ Y X X X
ebsiella . pneunonae KP 1083 KPC-3, SHV-1, TEM1 DoripenemZ Y X X
Kveleii2i45. pneunonmae KP 1083 KPC- 3, SHV-1, TERCI/USReIaf0e6é™M Z Y X
X Kl ebsiella

; N,

Y N
P(O)R”)(OR™), -CON(R*)OH, -SO;H, -SO,N(R’)OH, and HN— N , wherein R i
selected from the group consisting of H, Ry, —C(R13)20C(O)C1_9alkyl, —C(R13)20C(O)R11,
-C(R"™),0C(0)OC valkyl and -C(R"*),0C(O)OR'.

24. The compound as in any one of claims 1-23, wherein mis 1.
25. The compound as in any one of claims 1-24, wherein R® R’ and R® are H.
26. The compound of claim 1, having a structure selected from the group

consisting of:

RN O e

HO

HO
HO,C O
HN
0 B—O OH HN
/ / \
/_/ HO 0o /B—O OH
H,N , S HO (o} ,
OMe
o /
N o]
H P \
HN N={ HN N HN
B—O OH H.N B—0O OH / \ B—O OH
/ 25N\ / / /
HO 0 , HO JHNT s ,
4o O e
ol 0
o) >\—NH HN o—/<
N B0 OH HN HN
o) _) HJ s B0 OH B0 OH
HN HO 0 HO o

B—-0 OH B—O OH B—0 OH
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pneunomae KP 1083 KPC-3, SHV-1, TEM1 ImpenemZ Y X X X X X X Klebsiella
. pneunomae KP 1083 KPC-3, SHV-1, TEM1 MeropenemZ Y X X X X X X
Kl ebsi el Is0.20pewmssmae KP 1084 KPC-3, SHV-11, TEM 1 Bi apE€mase@144@s7 Z Y X

X Klebsiella . pneunomae KP 1084 KPC- 3,

\Y HO
N / 1
IB—O OH
/B—O OH HO o
HO (0]
2 2
HN NH,
B—0O OH z H
/ N
/ 3 0 HO (e] (o]
0 _B.
S , HO (o] OH
H,N
S

H
HOMN 0 io o B0 OH
0 %o %o OH  Ho" Yo ,
o
oA
HN
@\/\'(H ,B—o
o N OHO
! LS
HO” O OH
NH,

%m

m m
HzN\/\s/\n/N o | X lo)
o __B. N_ = O __B.
HO™ O OH HO” ~O OH
NH H H
HO” ~O OH HO” O OH

H
O
2N OB OH
NH,
s
X UN

ZT

OH
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SHV-11, TEM1 DoripenemZ Z Z Z Y Y Y X Klebsiella . pneunonmae KP 1084
KPC-3, SHV-11, TEM1 ErtapenemZ Z Z Z Z Z Y Y Klebsiella . pneunonae KP
1084 KPC-WQ 28021455 TEM 1 ImpenemZ Z Z Y Y Y X X Kl eb®Celusao11/ops¥8unonae
KP 1084 KPC-3, SHV-11, TEM1 Meropenem Z
2 7z z
/] L /]
o) (o) o)
S 2
H B-0O H B-O H B-O
HO , HO , HO ,
Z /
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Q—(O F N o m
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z
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Y Y X Kl ebsiella . pneunomae KP 1088 KPC-3, SHV-11, TEM 1 Bi apenem
XX X X Klebsiella . pneunomae KP 1088 KPC-3, SHV-11, TEM 1
WY 2¥12%02XK5X X X X Kl ebsiella . pneunonmae KP 1088CKRS2®,1/0819%7 11,
tapenemZ Z2 Y X X
9
/ 0 ==
S O I / "II)\OH
/ ‘ OH N N
HO  O-N N v H B0
2 / B-O O
s HO , OH ,
H,N
\\\O
// 77
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X X X Klebsiella . pneunonae KP 1088 KPC-3, SHV-11, TEM1 ImpenemZ Y X X
X X X X WD 2012/ 021455PCT/ US2011/ 046957 Exanple 15 [0284]An in vivo nodel
can be usw022r/evbuate the singl e dose pharmacoki neti c Pprasertiogssand
absol ute oral bioavailability of a test compound. As described nore

specificall y below, a test conmpound is adm ni stered to Sprague-Dawl ey (SD)
rats eithe |/ travenously or orally in a crossov tudy design and the
resulting P ©0K] i cxproperties and oral bi il abilj arg measured.
[ 0285] For i ntya¥enqus admMniGtiration, nmale rats wer vg@g, es
i nt ravenou@—Nnf usii se of 20 or 50 ng/ kg of ConpPundN iLg fenoral vein
cannul a. Pl asma § es (0.3m) were collected frorrcpo)gfd vei n cannul a at

0.17, 0.33, 0.47, 0.58, 0.68, 0.75, 1, 2, 3, 4, and 6 hrsafter the dosing.

For oral pnistration, male rats were given 50 ng/ kg of ound 5 (in
nmpeund &2 (i 100% et hanol ) orally using &N al age tip.
rg co\ledted fromeach rat at 0.08, 617, B-Q@5, /33! .50,

saline) ors
Pl asma sanpl

.75, 1, 2, d  Nfs after the dosing. [028p3R|as@d!@onceddrations of
t he conpoun 2\@qle Pested usi ng LG/ M5/ M5 net hod 'tI)NaOI ower limt of
qguantification of fPong/ L for ,Compound 5 and 100n for Conpound 62.
Extraction: 50i |L fol\unes of plasma from sanpl es st andards were
extracted usin { t hanol wi th 100mM angnfi unyacetate, 24.1g/nL
gatifl oxacin /i ndard for Conpound 62) and\24g/ nL Conpound 38

(i nternal for npound 5). The sanpl es wer¢g m xed/antl_centrifuged
for 30mn pand, addey t

450i _IL of er. [0287]HPLC - mass spectronetry: An Agi | 100H punp,
HTC PAL aut osanpl er and a Sci ex 3200Q mass spectroneter were used for:

separatio d quantification. Conmpound 62 and it ternal standard were
det ect ed i/ g SI. Conmpound 5 and its internal st&ndapd were detected
using -ESI. NCOMS/ MS: 1) Columm: Chronolith Fast G ad) RP-18e, 50 x 2mm
2) Mbile p se fAq s Water with 0.1% TFA, Orgni’ni as :
Acetonitril it 1% TRA: Fl ow Rate: 600i tL/mn; bpAj ect hondvoNung;

10 tL HPLCPdi e 5% 821609, 0.01->1.5 min: 60% B, deEg[bﬂ .

609B->598, 1.6->1.7 min; 5%8,°1.7->2.7 mn. WO ’

2012/ 021455PCT/ US2011/ 046957 [0288] Pl asma concentrat i OMJ@W usi ng
W nNonlin(r) (Pﬁr 1 ght_Corp, Muntain View, CA). [0289Y | nElgs i ment,
three mal e Sprague\Dawl ey rats were gi ven Conpound bygHd r aven®us or oral

route. At de ".-‘ i i points, bl oods were coled and anal yzed. As
shown in t ve Tabl e"15 and Figure 1, Compound has a linear PK in

rats. Howe g mpound 5 it is not orally absorbed. (p290] TABLE 15 Route
of Adm Dose/ (ng/kg) T112 (hr) Cmax (nme-) CL/F (L/h/ g) AUC (ng.h/L) 1V 20
1.56 19.82 /
“d
/ SNA
S 0) y
4 N HN
N HN o B-O 0
0 B-O OH HO o H
<L_ HO O OH
OH , O ,
9
=
S
S 4 0 P
/

N HN
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1.65 12.15 1V 50 4.53 45.93 1.77 28.19 PO 50 1.55 0.29 60.38 0.81 [0291]In
this experinent, three nale Sprague dawl ey rats were gi ven Conpound 5 by

i nt ravenoli® 20r2/@psspound 62 orally (pro-drug for Conpound@ChuS2hRi1Ageva’ sanpl es
were collected at designated tinme points and anal yzed for the presence of
Compound 5. This study was designed to dete{nine the oral bioavailability
of Conpound 62 a pro-drug of Conpound 5 e\rats (non-fasted) were orally
adm ni stered 50 ng/ kg of the prodrug Conpound ) shown in Figure 2, the
pro-drug of Co nd 5 has oral bioavailability Qripat er than 80%

[ 0292] Pol ynor p an e detected, identified, class$fned and characterized
usi ng wel | - known ®echni ques such as, but not limted t differenti al
scanni ng gg{ ori PQD O \ thernmogravinmetry (TGA) ap
dlffractonet\r_y/(PXRﬂ+ %34 [ 0293] The crystal st
5 was anal yzed using ﬁég Y~ po diffraction ("PXRD").
diffraction data were | | ected at-room tenperature usin
X Pert Pré&Miffracto (Cu Ka radiation) fitted with an automatic sanple
changer, a thet n§ 2 ioneter, automatic beam di vergence slits, a
secondary nonochronat o Qd a scintillation counter. Sanples were prepared
for analysis by packing th into a 12nn1d|ann£en > 25mm deep cavity

that had been cut into &% kground waf er speci) t. The
gd with copper:-af rays

sanple was rotated while beHn

(wavel ength = 1.5406 Angstrogg the X-ray tuba rat egd Pat 40mA.

The anal yses were perfornmed with the gonifoneter running in continuous node

set for a 5 segend count per 0.02 step over a two theta range of 2 to 55.

The |IIusHoat|t§§rXRD pattern for _g md 5 is shown in Figure 3. [0294] As
Nt ne 2

wll be a t he skWP al  ographer, the relative
intensities of arjo pea% e or ed in Figure 3 may vary due to a
nunber of factorsksl orientati@ f crystals in the X-ray beam
or the purity of the material, being anaﬂyf of he degree of crystallinity
of the sanple. The peak positlons may al so shift for variations in sanple
hei ght but t eak positions will remain substanthally as defined in
Figure 3. Thg g |IIed crystqglographer also will \apgreciate thatg

measur enment s-u ere mavelength will reduNt jh d re shifts
according to tW a g e oRfH- nX = 2d sin O_Su gheri ‘ﬁétterns
gener at ed bV Oadle oﬂ‘a gemnatlve wavel engt hs aF5x35n5|de edgto be
alternative represenm@tlons of the PXRD patterns of the giystalline
materials of the present invention’and as such arg\within the scope of the
present inventd [0295] Tabl e 16 |ists peak positipons and relative
intensities f hec§XRD pattern of Figure 3. Ac®ordi n§ly, some enbodi ments
include a crystalNige form, of ound 5 haV|ng t hr r , four or

more, five,gy, e, or e, seven or nori&QHEIght e i ne or

nmore, or ten or nDreHchBrﬁhterstlc PXRD (wavel ength = 1. 54®6OA) S
selected from9.0, 15HD, 17.3, 17. 6, 18.1, 21.3, 22.4, 2305, 24009, 27, 2,
27.4, 28.1, 294, 31.2, and 35.7 20. So enbodi ments i nclude a crystalllne
form of Conpo nq 5 haV|ng three or nor eg ff/our or nore, five or nore, or six
characterstic velength = 1. 5406 A) ks selected from9.0, 17.3,
17.6, 18.1, 22.4 Some enb%g i de a crystalline form
of ConmpountdO9Chavi niN=Thar ristic PX ma¢@1 =\ 1. 5406 A) peaks at
9.1, 17.3, 17.6, and 18PN /JTABLE 16 020 Area d%é?O] -@pacing [A] 9.0088
870.8 9.80831 12.013241Q9.19 7. 36118d13. 2369 19.HQ 6. 68332 15. 4527 55.73
5.72961 16. 691[0303)] Si7a phadddehtiz a1 \3464pt2AAB6 salbthoreb®815 17. 59

27. The compound of claim 1, having a structure selected from the group

consisting of:
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171.25 5.03794 18.1212 475.59 4.89145 19. 9585 23. 95 4. 4451 20.1214 18.12
4.40949 21.3328 84.5 4.16175 22.4035 147.38 3.96521 22.9212 39.45 3.87681
23.48 60.¥90 281278549 24. 8881 77.52 3.5747 26. 1352 20. 92 BCA063A1206693458

20. 23 3.38013 27.2278 162.9 3.27261 27.357 50.29 3.25744 28.0871 54.62
3.17441 29.0644 51.29 3.06985 29.63 30.23 3.01253 30. 1989 19. 34 2. 95706

S/

0 [ 0
o
HN HN HN
B-0 OH B-0 OH B-0 OH
HO 0 , HO 0 , HO o ,

B—O OH
and HO o or a pharmaceutically acceptable salt thereof.

28. A pharmaceutical composition comprising a therapeutically effective
amount of a compound according to any one of claims 1-27 and a pharmaceutically
acceptable excipient.

29. The pharmaceutical composition of claim 28, further comprising an
additional medicament.

30. The composition of claim 29, wherein the additional medicament is
selected from an antibacterial agent, antifungal agent, an antiviral agent, an anti-
inflammatory agent, or an anti-allergic agent.

31. The composition of claim 30, wherein the additional medicament is a -
lactam antibacterial agent.

32. The composition of claim 31, wherein the B-lactam is selected from
Amoxicillin, Ampicillin (Pivampicillin, Hetacillin, Bacampicillin, Metampicillin,
Talampicillin), Epicillin, Carbenicillin (Carindacillin), Ticarcillin, Temocillin, Azlocillin,
Piperacillin, Mezlocillin, Mecillinam (Pivmecillinam), Sulbenicillin, Benzylpenicillin
(G), Clometocillin, Benzathine benzylpenicillin, Procaine benzylpenicillin, Azidocillin,
Penamecillin, Phenoxymethylpenicillin V), Propicillin, Benzathine
phenoxymethylpenicillin, Pheneticillin, Cloxacillin (Dicloxacillin, Flucloxacillin),
Oxacillin, Meticillin, Nafcillin, Faropenem, Biapenem, Doripenem, Ertapenem,
Imipenem, Meropenem, Panipenem, Tomopenem, Razupenem, Cefazolin, Cefacetrile,
Cefadroxil, Cefalexin, Cefaloglycin, Cefalonium, Cefaloridine, Cefalotin, Cefapirin,
Cefatrizine, Cefazedone, Cefazaflur, Cefradine, Cefroxadine, Ceftezole, Cefaclor,
Cefamandole, Cefminox, Cefonicid, Ceforanide, Cefotiam, Cefprozil, Cefbuperazone,
Cefuroxime, Cefuzonam, Cefoxitin, Cefotetan, Cefmetazole, Loracarbef, Cefixime,

Ceftazidime, Ceftriaxone, Cefcapene, Cefdaloxime, Cefdinir, Cefditoren, Cefetamet,
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31. 2457 65.66 2.86033 32.1641 32.04 2.78073 33.7983 19.84 2.64992 35. 1614
21.23 2.55025 35.6871 57.8 2.51388 36.5979 22 2.45338 37.7599 33.73 2.3805
39. 8439 3WO29122226866 [0296] As is well understood in tRETAISR)110¢e9aUSe Of
t he experinental variability when X-ray diffraction patterns are measured

on different instru S,. .the peak positigns are assuned to be equal if the
fwo. 1 het aCERIO0 TG eC AaP et cCRPPEANS: 20(orgime. 3 aiEr. GESHAEYet he
Uni ted StatgpdbitieMCIRBb NS (RtBmint, hetiiblichh € AMaslarcaaldling, Hohderl0
strongest diffraction peaks agree to within 0.2 with that of a reference

mat eri al , Latathoxple Ged¢pamey Eefazppiasi Cepiroote, edqyieake Ceftabiprolea Geftosolimor e

t han 20% e . hdent IS C W . i a si t.i.o ithin 0.2
of the pog%?*$gg Eé&i%é%ﬁ%eﬁgip4§§§ 3@@@2&% B%kégoﬁgeﬁgﬁgé?h6EQ§ P17

[ 0297] DSCCeRasibhe:, t O&bI@in,t Rarsdiah NTieAPRiE! WaesSmatantWhRWY-24283Y StRalii ne
form absorbs or rel eases heat when its crystal structure changes or it
nmelts. TGAIIKueeRWID333845ure thermal stability and the fraction of

vol ati |l e conpoRents : y i {,0r | th ] C S e
sanple is heatgg. |FR§ﬁ%?ﬁ%%PbﬁagbFgggéﬁpy*ﬁ%m%oﬁﬁﬁﬁée I%HQ?%8%5%I2%?ﬁe
conponent €echartidiass Bthpdnkr MYorTisAeMNBHysinsmo fmipe e uderpteim rogp Pagip&fenlR) |

then the nol ecul ar conposition of the pseudopol ynorph can be determ ned.
These techni quéd ar ¢ FQEPQEEPT Off BRI Ky A¥RErinZ hGgPdtdy I8t sstestedo Ry

exi sting ARttt A0 SHNLOPORL Capatingh 5 vas analyzed using
differential scanning calorimetry (DSC). A TA Instruments QL00 differential
scanni ng cal or Biret efThe qunppitibnwitdnis4, sheesanpl er and a refri gerated
cooling systemunder, 40 nL/ mn.N2 purge was used to performthe anal ysis.
Each sanpl e was heal6d1FEM 5 1?%“@@6@ at 15C per minute in an al umi ni um
pan with the lid |aifd @mpoSiBon V¥ dultable foit drRORIMiRMEAfoPas. The data from DSC
anal yses are dependent on sgveral factors, including the rate of heating,
the purity of the sXipteD:Rryandal size, and sanple size. The DSC ther nogram

obt ai ned for the sappl e of und 5 is shown in FiLgure 4 ov yed with
Che TGA t her mogr am FThabeclSel Paled: et Aot o dRadt oLt FERLR S a
155C. [ 0299] TharmoYre{mme, bilkyl, nfca' sd0CIBRIR)  AraiR/SicCwmomrelkor nad on a
TA Instrunents g&gpo t hermggravi netric anal yzer interfaced to a Nicol et
6700 FT- 1R spect®one?etO)Cfer mo El ectron) equi pped with an external TGA-IR
nodule with a gas fl,0 The -

verification mgg pe?F%%ﬁgﬁhﬁgg%gaégﬁ§g§%§g%§fC%%%*%EZ&#{§%§ﬁ?%$g?%%ﬁnt

st andar dsomgeeentioaloéh bacdrifllinfeediddM The sanpl e was placed in a plati num or

al um ni um sanple pan, and the pan was inserted into the TG furnace, The TG
i nstrunent was35t ar f\e&wlﬂiqup,? (SRR At BICYCHNG BuRAStB tRECHOR. | RIS unent .

The TG i ngihiRain e s%&%t’iﬁl%e&ﬂ'ﬂ%éofaa EbapeRid J&@éﬂdﬁ@ Blany 8ndBE A CE/ M N
for the purge andgbalance, respectively. The furnace -was heated under
nitrogen 3f. a rate of 15C./mnute to a final tenperature of 230C. IR
spectra were cQll ected approxi nat el very 32 seconds .f.or .approxinately 13
o ut oo, Each PR opdft miboacast of. Bl <SaanSe g ba Ehn aoefRet
resol uti ope@fcathest™ 1. The TGA t hermogram obt ai ned for the sanple of
Compound 5 is shown in Figure 4 overlayed with the DSC t hermogram These

TGA data with BR andhgsiethask of plaire\ddl wdregimshe addiitdenab madigameheis sphasted
material b3 non-Sebyaled Bul LORER NG DLE SOYiNALENE B RIS Relugen 135
and 181C. fgbﬁb]F g? EFer 8 ences Sted nerern, ndludlnglbﬁPlno?y
limted tagdauldriahedaBagidayeubl i shed applications, patents, and literature
references, are incorporated herein by reference in their entirety and are
hereby made a p@rt &he msthodsgiedaim Iatyhsrein ths additiongl @ﬁfhcﬁnﬁmtiléatﬁ-léﬁ@mand
pat ents o&uﬁﬁgéﬂﬁlggggications i ncorporated by reference contradict the

di scl osure contain I'n the specification, the specification is intended to
super sede and/ dét. t afke pmethedent eclaier4anwhsieoh thonpiadimt or eleeteér fram
[0301] The term "conprising” as used. herein is synonynous w.th "inc{uding,"
"cont ai ni z\g\}om% iny ¢ RapRACHIEY | FavpnpRicilling n dlqtacitlige | Basapepigitin pdfictamaicdliang
does not ?él%hli&ﬁf%ﬂiﬁg@ﬂiéiﬁﬂ@barﬂéﬁfcﬁﬁhR@Qﬁrﬁia@ﬁﬁﬁb@ FiQrcilR! PodoShEP 21 ARR2] Al |
nunbers expressing quantities of ingredients, reaction conditions, and so
fort h use@iperncilhe, dpebiciliicatMeamnllianme (Rivinecillimda s tSodenaslibe iBegzytpdiifillad i n

all instances-b he.term "about." Accordingly,. unless indjcated, tao.the
cont r ary. (& Iotataelibab sl pava RN Piotiial eR i alifr o¥isnsiiibne
that may vary dependi ng upon the desired properties sought to be obtai ned.
At the very least, and not as an attenp{.to limt the application of the
doctrine of equivalents to the scope of " any clainms in any application
claimng priority to the present application, each numerical paraneter
shoul d be construed in light of the nunber of significant digits and

~Nnnes1 vt 1. o T 1



Rl is selected froma group consisting of -G _9al kyl, -C2_9al kenyl, -C2-
9al kynyl, -NROR1l, -C 9al kylR11l, -C2 9al kenylR11, -C2 9al kynylR11l, -c

ar bocycl W 20121021455CH( OH) C 1_9al ky1R9, CH( C]—I) C2_9al kenpCRA]S2011/046957

- CH( OH) C2_9al kynylR9 CH( OH) car bocycl yl - C(=0)R9, -C(=0)Ci 9al ky1R9,

g(( 8) ﬁzRg arllaﬁl%ﬁﬂigg Cé? Q cy:izymgf:a}lylfgen¥c lin’ C%V )G ?’roarlcqﬂ yCl y! Bflz?lgzathlne

N( R9) C( OE)N%% C%gedﬂ%%ﬂ ﬁ%n@ﬁ&lﬁﬁl) Ca Qia@ilﬁhlm()j@oxacﬂhn Flucloxacillin),
N( R9) C( =0) C( =CROR1 ,-N( C(=0) G _4al kyl N( R9) C(=0) R9

N( R9) C( Nmmgim C(I\Hfmml)ingNa.fcﬂhh,C( my)mm Bmmgmozmnpem(rmg)@mml

- N=CHR9, subst Med or unsybstitut o bstitut e§ ar.y t.ut ed
het er oary 1P§Bf‘621 URREEBr  UHYRASYY ¢ GPéOcE%E éP’bg?:%Pé’FEﬁm %&Z%H‘o %‘iﬁr&a or
unsubst i t@bfadrdk(ﬂt Py chy| Cefalo 1yc1rRGc¢faloﬁﬁ1Inec:¢j@fdlofnﬁgm aCgfa0sth, qgmplﬁhl ng of
H -G 9a| kyl C2_9al kenyl , C% 9al k I carbocyclyl -G _9al kKy1R11,

- C2_9al kekymrizine, . @f@aqi%Vny@Ffﬂaﬂ%ar ta,den | pfroxadgie=of eftgrole, Cefaclor,

corBooye] ST “EeARIn SRR, el KYOYAGRE Lot BRD CstPrmrsmeney 1)

R6 and anCEﬁlr@nﬁlet a(&ﬂﬁzdmgletﬁefbxmm hCé¢fbetat oOsfnietnzole, Clhorabwlefar@efadimached
to forma substituted or unsubstituted carhocyclyl or substituted or

unsubst i t GEBRPIdEe Gdargne. Loicapgeafsidpiddmsol-cadisth Griditagpe taletmet,

toget her Wefrﬁ'eﬂo@frﬁé V @Rk RGifHe0 ”éeifogmfa%ﬂ%‘ acstRadht Uiced 19{1zc51£‘,3 L@éfgaﬁédﬁh_@,d
carbocyclyl or substituted or unsubstitued heterocycl 9 (vi) Rei1s
absent whenfpotexioer KafsilodimhiCekieiam, i €eftibtimohédtfligere, r(Eerfgzmimm iHoraoxedr yl  or

Consi ati ph BN 1ERme: Cafpien. CEBTBHIKGRTnES IR, CERRBRIE: - ORo,
-G _9al kyix@269, RWRS498 KOy bOGBR. ME EBQ2BKYNYALRBIN ands, Ceftiofur,
-car bocycl@yl -0CZR9, or independently: (i) R6 and an R7 are taken together

W th the &etpnomnes, vﬂd¢f@h€0ﬂ1he9¢a¢@aat t Bigheanao, (orymenasybBW k44283 1o0RWI-
unsubsti t car yel or substituted or unsubstituted heterocyclyl,

(i) R7 ag%ﬁgﬂ %ﬁgﬁﬁéﬁ%n together with the atons to which they are
attached to foum a FHbSHkthdtedf oflaitns4]S htrtedhe aphaeus! W selecedbsbht ut ed
or unsubstituted heterocyclyl, (iii) an R7 and a carbon atomin Y are taken
t oget her Geftaridince Plapangia. [AerteaemeoErtapanen, bupepqm. Yleropeieny s PBBIPERGHR o d
carbocyclyl or subs S t t he
fol |l owi ng condi ?I ontsrh%#%aea%g%rf C%El@%@’ {N&sl&gﬁgth gﬁal%t%rﬁégi%%%%éﬁ%%l g %g%%%’m

al kenyl en@ideoketn, BAEBORR, ISYNabsBENbr Chfumdddmand a carbon atomin Y are
taken together with_jntervening atons to forma substituted or un sub s

tituted aryl of*a shBsficthaded aBy opmelhMamstiirey Wheteh Barsybicctdng mammelach Rs
attached to a n5ng §hOoMefuTrRBiRAU! whreldBe SHARRHAILYS BEmQE unsubstituted
aryl or a substituted or unsubstituted heteroaryl formed by R7 and Y is
absent; 46.eac Mh&deitwdi addepene entlhynsEl-ég.tvelbréin dim migptiongomprisisst i ng

of H, haI 9a| Kk ke 9al k

00 bal ty Restite. SeIEHE o i REA R EBEES . SA YA CBRIAOR ol R B o Ro,
or Indepemi&zazbwnas(l JactlovBundnd Bpyfang t akemgdeget pesudinbhad hey@tigms to
which they are attached to forma substituted or unsubstituted carbocyclyl
or substi Swﬂetdozdwmmgubsmlwﬁé@ hdtuekliwbgeelay| cerdciay alegempmel RirapdliRg

t oget her %Ocherlcg ?lll k%n% r}yetr%andll OE‘aM | Ie a @g)? rluatt§9hed E ttyphll ng

atomformng par a <P or OhEpst ¢ i's absen

each RO i Salmsenendentypn, Selesiend diamids, gSl’leéllcﬁ%l&ln&tridag Sefgetla fi&meRal kyl
C2_9al kenyl , -C2_9al kynyl, carbocycl -G _9al ky1R11, -C2_9al keny1R11,
-C2- 9al ké’ﬁﬁil#iionnfb eheais clmcaesé“ﬂ@r hagtes detnsetirs dﬂ@lwefﬂatwu@pwe
substi t ut (o] t
carbocycly eb?[ell%”o?eﬁ%%% ‘?ut egj %lr%cﬁérslés)% bst I@%F&Q ?i}’ ;ée?lglg c &19%% ’Jng}%taach R1
is i ndepeﬁdﬁmd yniG@lIEC t @ rdus omigargs Qﬁvpvml@msas&lmdgfaofend-l PFo@deB(ab kxdrgeriOR9,
-CH(=NH), -C(=0)0R9, substituted or unsubstitute substituted or
unsubst i t (fEHEer SHAHT, sUBEEPPUiEd BUURLRIbSt | ﬂﬁ“? &aefé% bojeqdgeicusng
substi t ut ggmglrob&'&éub%ﬁérh&'l&ﬁgmhet)@r’%}icl éﬁtemcolltlca eachff; | pceshsndepeerﬂgﬁpt ly
selected froma group conSisting of substituted or unsubstl tuted aryl,
subst i t ut petudoiubersulosisi Yersedn eeeradar, )BOIdegdllrspeIttWQdBordemﬂ@wMupdrtmad,

car bocycl ubstl t ut.ed unsy st|I d het

ol ected Prill AR ARERE, PP ERg O P reinfup e

i sosteres; R12 is sel ected froma group consi stl ng of H, C _9al kyl,
-(CH2) 0_3-R11, C(R13)20C(0)C _9al kyl, ;54

- C(R13) 20C( 0) R11, - C(R13) 20C( 0) 0C1_9al ky and C(R13)20C(0)0R11; each
R13 is independently sel ected froma group consisting of Hand Cl_ 4al kyl ;
and m | s |ndependently zero or an |nt eger from 1 to 2, wher ei n each

L~ ~NN N ~NN N .1 e




Ha or a pharmaceutically acceptable salt thereof. 4. The conpound of
claim2 having the defined 3,6-trans-stereochem stry shown in fornula Il b:
or a pharwacewizt#bly acceptable salt thereof. 5. The corp®dirsedoief4@sy one of
clains 2 to 4, wherei n: Rl is selected froma group consi sting of

-G _9al ky e 9al k | ky1R11,

“&oal ke%’yi@ﬂaﬁff) SRy oo o A RS (5 oty 1o,

- CH(OH) CZB%?A?M!W WRQsoctda Pg)t%ella %‘e»%l?giga ap kM AiRella gﬁm@%aﬁ?ﬁd%bk&%’rlm
-C(=0) C2_9 al kyny1lR9, -C(=0)NRORL =0) NROR1, - N( R9) C(=0) 0

N( R9) C( =0pZp£iNRIY R oINCRS) fﬁ(tltSO Campmabdnyd?rN(]Rg)lC( €@mpﬂ9bacm(rR9?)9@( :lmmlmg
-C(=NR1) N

Lsabett t BradvH VO BSROREt P P AR T AR SRR LT o or

unsubsti t Hb@ﬂcﬁ@g’ebéIsCYNélyslenaa%@rofrkm&é t NeRSErRI méningWRlis Kingbll®dMoraxella,
het er ocycl is selected froma group consisting of H,

G _9al kyGardprdia kagigalis, B@sztegfﬂéerkJ%gdls Beleroidys glistgsprisy Baciepoidey) FERMRL1,
-C2_9al ky )0 yl ny nd

- Goat e KL @0 R R i S BT R

t he at ons emiwlabmbvroheyBade oales ac he@hszomtsor Buarefailist | bgdeemiior Baogudiges t ut ed
car bocyclyl or substituted or unsubstituted heterocyclyl; each R7 is

i ndependeRIRCIEEYECE @8 TH BIH o Uy ©BALP Y KPS EUlpgis.- (ClerigiVitihd - C
1_9 alkyl a LK % endent |y,
R6 and an%g%rctﬁr%ggeg%ﬁ%%%ﬁg%ﬁgl%—%@ a%/gy Otlglg(%é‘gtfgget ﬁp% i t he
atons to Whihelabadeyumr elatdrac hSdeprocdconsm auesutosidaet ubeeprarocomnss udzgnflaatuatz ed
carbocyclﬁl or substituted or unsubstltug het er oc cl% egch@%C

i ndependent RO ELPEF R f i G GBS (8RSt HHE 6P JINRERLIPIYRLOGRY - C
1.9 al kyl GLRR9, s BOKANY SRR dis, a8eh ST cdRLKY l&;%ﬁ@u 0§ sRepdent 1y,
an R7 and an R8 Taargglﬂt%aken t oget herlsvmt ?%e atoni}ibto whi csh ttﬁ}é@g are

att ached treerfrgrdimsa Sapstedoatiesd ¥cuinsubwt | tuted Sawbvoyedcys beenaipyduist ut ed
or un subgstituted heteroc .1s independently sel ected
rom a or SUBUEHER G Fhgh Bt YEp o hongsrie RS i Rony | - G2 Sal kynyl

- G _9al ky1R11, 47.C2_9aé krmolR¥hnyoae o@@la&ﬁ@ymﬁkvh@fﬁbfﬁﬁd ﬁlﬁicﬁdn@bmprlses a
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubst i t hecseria ( erlogted 3dEmBochealrmontid gerwgmowt efsadomnaubs vt eds

het erocyc C nt f g

Consi ot 1 s FhprgphomenG8C P Rifey ISERGLARS b, W BB, LA, SdPheta o
aryl , subsphtnutred, Qfalmsa]bﬁtyy)hut&xnnmmar mtzmohz SSutradnd fat edemwdmnﬂugata tuted

car bocycl yl, and sugstl tuged or UI’IS%JbStI tuted heterocyclyl; and Xis
sel ect ed fr§mesagr Shtsedendsaeiing hisellyy songen HFAREPLASHED o9HIaE: dAieoPEdLt er es.
6. The coppoy ,Of KEDki e Bigeu%ﬁidgs XibBxidta V‘@Wt@éan nSél’ﬁ?ltl:!i %rarc]gg'gens
conpound of ¢laim 1, having the structure of fornula Ma or I'b: R3 RAR3 R4
R2 R3 R6 R7inkibactera mimmn@utléahktybmaemmoéytwwt Hehenmofeﬂtammlmw,
t he bond ep resented by a.dashed an ne r.epresents a  bond | ect ed

fromthe ¢f dtﬁﬁa cBRUBst THEY  BSerif 26’06 nd> a HIGiGo (B g B d Haemophiligach R
and R4 _ar g/, eRepedesnhdnilae| FEaffiuba 2@ SHGRBMIIEO VdeHloRGuQf emolhiléN
CF3, -R9, ﬂu - (=0 IGRZQ R1, anggz-u(:(— ) OR9; or al ter nat)?vg Iy, girqlwgzl and R4
are t akenp@'@{}@fm@WWSt Hietlheb@tt@rrpylm, vﬁdﬂﬁwl@wraﬁéﬂmt GCaupdebackert umia

substit ut gnsubst £c cf?olé’rae bstlt /tl Qr..un bstlltlut ed heth roaryl

substi t ut u‘rllcstﬁrbcsothlt ed ‘car bocycrmlp%? it ”C utéd e u’t ed

het er ocyctyske,na monocﬁagéazeRBz\@n@lerRB @rnerﬂhaét@pemmhhy neele ik Mo@&meaa,gr oup
consi sti ng -C(=0) NROR1, and -C(=0)0OR9, with
t he provi éctﬁm«iesl ffmms,zoﬁﬂwzfﬂd%PWg@@fzmﬁ@%@@w t ealysnd Basisr@ident ed
by a dash I d o] 5 ar

8" The. comaiiaiapepy iadferyTed COMRE APPSR\ BpiAlks,
formul a Nbplamlmfdukd or a pharmaceutically acceptable salt ther eof . 9. The

conpound of clajm g the 3,7-trans-stereochem str in formula
Me and Hifi weﬁ%n bse a¥ %H%YPP@H’@&“F%YQMWO%XQBFS Flélrgsai?¥tl%gwé6Fparat@nrhe

conpound gf ; Gle@icHndnt DAME R ataiSi SF PdCL R o?h thQEAM iRfebiYoh, | Vb, or IVe: WO
2012/ 021455PCT/ US2011/ 046957 1Vc or a pharmaceutically acceptable salt
thereof, where#p: The usehef dxioh Mdprieghert edmpyisiagdishest afidasgidddionpine

ggggﬁzeggﬁﬁ&ctg&gg for lrezﬁltnegdor]iage%g]ntgrbgea Hictett fie c%mnt ing of a single bond and a

Einfhi
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each R2 and each R4 are independently selected froma group consisting of
ad, F, CN, CF3, -R9, -0R9, -C(=0)NROR1, and -C(=0)0R9; or alternatively, an
R2 and arwBaomve1458ken together with the atons to whi chPChag2@®4@s1 ached
to forma substituted or unsubstituted aryl substituted or unsubstituted

R R iy A ikt g
sel ected fif Qﬂﬁl?ac&hﬁyﬁ{% 0 sitifilnko g R ,anFmémge&Fé%n antRehflaniiery ég(enpaﬂ\m R1,
and -C(=0)0R9, with e proviso t i f bond represented by a dashed

and sol i damamteailgg@ agontbl e bond then the R3 and R5 attached to the carbon

at ons bonded t hat b d are se 11..T f cl avi hg the

3, 8-ci s- stereogﬂ i ﬂ} sﬁoﬁﬁnl Eé’f%}}eﬁﬂpgﬁqw 2 gﬁamfs%fqom%es sa @

2012/ 0214@5&@{&&@3&@&&%@&57 or a pharmaceuti call y accept abl e salt

thereof. 12.The co ound of claim 10, havi n? the 3,8-trans-stereochem stry
ac

shown in fornmuba I vihe psmof glaem |15V whegeiw the B-Tactam is selected from Amoxicillin,

'vi or a eut c o) 1 ound
of any onB MRS é%ﬁféh%%llﬁ&hif?%@?@aﬁ b REYR° pyetampicitin ! FalaHi RN

14. The cobpiedlind (Oefrbcaﬁgdllﬁﬂ&@fndﬁélﬂinﬂsTﬂaﬁbahnV\ﬁﬁemeélﬂlnf, h’&l(iini)]ﬂlﬁl Pqnl‘rze:ﬂﬁﬁ,t ed by
a dashed and sqlid line is a single he conmpound of any

one of cl Yerioctling Mgrdligam tfPéV%ﬁHmagw es?él}he@tfﬂﬁp alif&éﬂean%al sdBd Ilne
is a dOUbb?ont?éwglhn Benzat}ﬁﬁe B_Qﬁyﬁ)gmaﬁﬂﬂd bR l%ﬁ%yl@gmgllllﬁi m%zldo]cﬁhn

wherein R6 and each R/ and R8 is he conpound of” any
one of cl Bemmnetillis, \/\hé?hemcrxyﬁlethﬁpen&dhm@ 0) CIV) 9a| ki?tdplcllhn BenzmuneThe

conmpound of cl ai rei tit uns i

cobbttut Bt TRaheict G eoPheus By bkl QhbehEcr b Rediiy of m
18, wher epRadflin, S Mdtc8Nn 2- Mhfcillin Fargé&lem-rh%l%éﬁpﬁun@oﬁbe@ﬂ oapehiers] al e
1-19, wherein R is - NHC(=0 ) C(= =NOR9) , wherein RO' is selected fromthe

gr oup conhtll@ﬂlwg Meragiengal kBdnipengims tliomeapederor Regrpanen. Cgﬁ.aé‘dllar@)ﬁlfacetrﬂe

bsti . d b d b d
Dot B Sl TSR ML SR AR O, Rt

conmpound  @sfakrivifd)y (RRed@ine¢| @bfaBathr 2 WefMa@ieei Qefbtadife28eftezole, Ce?aZlor The
conmpound as_in any one of claims 1-20, wherein Xis a car boxylic aci d

i sost er e. Cefamandolpg Ceﬁﬁ@oéo%&mﬁmd’oﬁe@f%ﬂl@ﬁ doefotigray Ecfrrezib CafbwRsigaane. aci d

t t h
| BC0)  Ro) EORETHER, &yteidthy HCeR AP GIRY3n Aol o GRS Aot
P(0) ( R9) ( @B&ﬂ.z)ldlmeC@J(fRﬁi)iﬁhb CSRahtne: sxama&amﬁH CedididirFIQNfditckdn,, Cefeemnitn R12'
is selected fromthe group con i ng of H R11l, -C(R13) 20C( %%Le% 9a| kyl ,
- C( R13) 20EEyaRpxImE, C(C%i ohizigie( 0§9tseﬁer91a‘?%l EPXH@X PigHEQ§-0 Raefpiramid e
The COWO@@ﬁ)oﬁémhﬁ E@stﬂ&ﬁnOte?t‘aaah{mCéﬂlgébenV"@%rﬂ%IEhem Céftlgoxu%é F-B'iﬁoyge@ rrpound

as in any o claims 1-24, wheréin R7 and are H. he
conpound batagloaeinCefepiae) ﬁ?ngaOpttanuebimmrrselCéémenbrm o@wftdb@rgleo@mftamlnsastl ng

of ) SCexX AN RWIS R RO k1036, BR13057, 08780 a1, RN O/ /1
Cefquinome, Cefovecin, Aztreonam, Tigemonam, Carumonam, RWJ-442831, RWJ-
333441, or RWJ-333442.
53. The use of claim 51, wherein the B-lactam is selected from Ceftazidime,
Biapenem, Doripenem, Ertapenem, Imipenem, Meropenem or Panipenem.
54, The use of claim 51, wherein the B-lactam is selected from Aztreonam,

Tigemonam, BAL30072, SYN 2416, or Carumonam.

55. The use of any one of claims 48-54, wherein the subject is a mammal.
56. The use of claim 55, wherein the mammal is a human.
57. The use of any one of claims 48-56, wherein the infection comprises a

bacteria selected from Pseudomonas aeruginosa, Pseudomonas fluorescens,

Pseudomonas  acidovorans,  Pseudomonas alcaligenes, Pseudomonas putida,
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H2N--\ -0 / HOONN\_/H _,B HU H2N, OHOH OH WO

2012/ 021455PCT/ US2011/ 046957 H2N- -\ MeO-NO \ NFININ- A \p-oOH HN SHO

OH HCOO, awmo 2p3R#4ssor a pharmaceutical ly accept abl e sal PCTSe@af046927. The
conmpound of claim1, having a structure selected fromthe group consi sting
of: WD 2Q12/ 021455PCT/ US2011/ 046 HNI OH andHO caIIy
accept abl 8/¢8&Y PPHggbt maliophilia, rk’wl%ﬂr% B ¢ ere'aﬂ%tf

conpri si n@s@wh%ba%ﬁrt Icc;ﬁbmet&f rr%gt&lresmaﬁa Obyp mn%wpumm%ézm dy,rm to
any one of claims 1-27 and a pharmaceutically accept abl e exci pi ent".

29. The pﬁalnmaclé@mac@twfaoﬁp@mmellcnemmailar higd|a fdmremweraecdhmeﬂsrfhgnam
addi ti ona wherei n the

i 1 onalRE SAEh rerobiiectdi r ERVA ARt i Bt &Y OaUR et Flingal

agent, ankabsieWh ' Bhror@eSdrrarn n@ddscdnbf FAmFReRE Yulaeedls, MYrg@ivl@nhbrgahlier gi ¢

agent . 31. The conposition of claim 30, wherein the additional

nedi canmenfreteus, mimbilis, Proteus vulgaris, Providencia alcalifaciens, Providencia rettgeri,
Providencia  stuartii, Acinetobacter — baumannii,  Acinetobacter  calcoaceticus,
Acinetobacter haemolyticus, Yersinia enterocolitica, Yersinia pestis, Yersinia
pseudotuberculosis, Yersinia intermedia, Bordetella pertussis, Bordetella parapertussis,
Bordetella bronchiseptica, Haemophilus influenzae, Haemophilus parainfluenzae,
Haemophilus haemolyticus, Haemophilus parahaemolyticus, Haemophilus ducreyi,
Pasteurella multocida, Pasteurella haemolytica, Branhamella catarrhalis, Helicobacter
pylori, Campylobacter fetus, Campylobacter jejuni, Campylobacter coli, Borrelia
burgdorferi, Vibrio cholerae, Vibrio parahaemolyticus, Legionella pneumophila, Listeria
monocytogenes, Neisseria gonorrhoeae, Neisseria meningitidis, Kingella, Moraxella,
Gardnerella vaginalis, Bacteroides fragilis, Bacteroides distasonis, Bacteroides 3452A
homology  group,  Bacteroides  vulgatus,  Bacteroides ovalus,  Bacteroides
thetaiotaomicron, Bacteroides uniformis, Bacteroides eggerthii, Bacteroides
splanchnicus, Clostridium difficile, Mycobacterium tuberculosis, Mycobacterium avium,
Mycobacterium intracellulare, Mycobacterium leprae, Corynebacterium diphtheriae,
Corynebacterium ulcerans, Streptococcus pneumoniae, Streptococcus agalactiae,
Streptococcus pyogenes, Enterococcus faecalis, Enterococcus faecium, Staphylococcus
aureus, Staphylococcus epidermidis, Staphylococcus saprophyticus, Staphylococcus
intermedius, Staphylococcus hyicus subsp. hyicus, Staphylococcus haemolyticus,
Staphylococcus hominis, or Staphylococcus saccharolyticus.

38. The use of any one of claims 48-56, wherein the infection comprises a
bacteria selected from Pseudomonas aeruginosa, Pseudomonas fluorescens,
Stenotrophomonas maltophilia, Escherichia coli, Citrobacter freundii, Salmonella
typhimurium, Salmonella typhi, Salmonella paratyphi, Salmonella enteritidis, Shigella
dysenteriae, Shigella flexneri, Shigella sonnei, Enterobacter cloacae, FEnterobacter
aerogenes, Klebsiella pneumoniae, Klebsiella oxytoca, Serratia marcescens,
Acinetobacter calcoaceticus, Acinetobacter haemolyticus, Yersinia enterocolitica,
Yersinia pestis, Yersinia pseudotuberculosis, Yersinia intermedia, Haemophilus

influenzae, Haemophilus parainfluenzae, Haemophilus haemolyticus, Haemophilus
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| actam anti bacterial agent. 32. The conposition of claim 31, wherein

the 13-lactamis selected fromAnoxicillin, Anmpicillin (Pivanpicillin,
Het aci | | iwQ 2Besiemgssci | | in, Metanpicillin, Tal anpicilli nPCTRS2@i1I0G987
Carbenicillin(Carindacillin) Ticarcillin Tenmocillin, Azlocillin,

Pi peracilli Mezl qci | | CI||I P|v cilli Sul he |C|II|n
Benzy| penpwﬁw'ﬁoww A icabisn PHRT. HHIBNP sl iy R y?? 4145, Jeppcai ne
benzyl penicgj b}sﬂoﬁactézédjp(%wlé Bholerae, Vlbrlo parahaemolytlcus Legionella pneumophila,
Penaneci | |'i n, Phenoxynet hyl peni ci | I'i n(V), Propi ci I'li n,Benzat hi ne
phenoxyrreLh;drmemamobymgﬁnePhé’me‘ww Igoinnrrh@tcwxalliq?wslerln (Bl Gidaci Morawella,

Fl ucl oxaci,l | i n Nafcillin,. Faropepem ,Bi apenem
Dor i penemb ﬁf?tgé%egn agﬁllrsh pgﬂ%/%{m roﬁgﬁ’g%s P rﬁcf%?l’élﬁﬁ f@ﬁ@ﬁenéﬁcg%ﬁgﬁpenem
Cef azol i NeheferbpRidrb, € BdcRVGdEOXT Linifsolial Belchroides adg@ahys ror GRibRkSAIM
Cefal oridine, Cefalotin, Cefapirin, Cefatrizine, Cefazedone, Cefazafl ur,
Cef r adi ne$p @@Thﬂéfkladl ne, Ceftezole, Cefaclor, Cefamandole, Cefm nox,

Cef oni ci d, Cef ggani Cef buper azone, Cef uroxi ne,

Cef uzonam Cef ggl ti % %ie:r?wﬁt%ﬁg? @Pﬁglﬁézol e, Loracarbef, Cefixinmne,

Cef t azi di me, Ceftri axompourdedfaapene of defntal -0X immlid@efmlj amidr , Cef di t or en,

Cef et anmet, Cef nenoxi ne, Cefadizine, Cefqgperazone, Cefotaxine, Cefpim zoI e,
Cef pi rami de, Cef podé&?lﬁﬁ’ac@gf‘]s%ﬂeﬁﬂf“ﬁdl%@rfneram Cefti buten, Ceftiol ene,
Ceftizoxi me, FkONMOX§fe chthiar&iaimS GRS th@%fl@l;&wrﬁpﬁ%e%fspil\/g

Cef qui none, Ceftobiprole, Ceftarolinég, CXA-1 04, 546
MEL1036, BAL30062 SYhe Zabhﬁa,mdﬁebf i adfior ,60Cekbpreinote, Pdeftome ¢4 rspleéwtlrﬁomam

Ti gemonam, Car. um nam 442 333441, . or - 333442. . .33,
conposi ti OPBFCLiN,; ﬁ{@?m%her Pmeiglling ?‘ﬁ@?%ﬁ"i 5\/\% ‘fﬂé%t N%tﬁlinpl‘:ﬂﬁn

Cef tazi di 'I‘Rlam%icﬁqﬂlﬁﬁ"%m%r IeReill A (CRREMRMIn), TiReNBM TMALAREN AN ocAlin,

Pani penem . The conposition of claim31l, wherein the 13-lactamis

sel ect ed Prperacialinr Mmlmilhfn @éfrmlhawp gavseoitmamgyNuibengilling BearylponeiHin

cormos t 1 o PPl o B periHeReliin P ose K2R Rududy IR, e

S(RLS) 200( %‘3"“2%‘&32? L R SO O RLE - o Rid) 200( 0) 0 oé‘%mﬁéﬁkﬁe“éﬁ%‘m“'

fC( R13) 2ocphslxgm?ethyflgenlcﬂh% P n@@ﬁﬂﬁhncﬂi&@éﬁgal d@l@@?;@ﬁygonﬁlusbw@% 1337
or use i r e a ia [

A net hod g’fi Elt ﬁglét ?‘%@%p?@%@%ﬁ%{ngﬁ Ag&geélgt eri a%%l [%ect |O(k)1ﬁ I'?eg{l)rrpcﬁr};[a ‘hg

adm ni st elmmgném Memﬁenemt Panipsenh, ‘L'Ih)ﬁ’[c@eflcm aRammedCaﬁazmndl(mjademla,ny one

of clainms 1- 38, The nethod of claim 37, furth r|S|ng

co
admi ni st epr?ﬂmé(hl £ERIeYign af chtagi Xeihentalonium, "Cefglyridinge ﬁzégailﬁf efgpigim 38,
wherein thecaddhd | @Rl &l capgRiflrS @&fa%%eedCEfrwd% apLibRR etkpliqgent,

antifungal agent, an antiviral agent, an anti-inflanmatory agent, or an
anti-all ngfamaagelnt Cefmmox CAﬁanlérd\,eCnﬁimw dfefotlann@mromhe@@bupetrmne

o hou of CefESniRRe Climaain ¢ rHa% et Lapletan Lo B Torsrsto e iiinen

Anpi ci | i @eﬁtgﬂlaﬁ%[a)l@éf{ridxene HetRapdnkl CerBasamel @drdinf, Mdpdiasin, CChfekdiet,
Talanpicillin), Epicillin, Carbenicillin Carlndamlil Ticarcillin,

Tenoci | | i Refiaeniostng. | |G¢f0dmp@r acefopenazonve z{ elotdxime, %Elmll¢1ﬁarﬁ7€fplramlde
(Pivmecil Sul beni;ci.L 11 Benzyl peni ci | onet qci
Benzat hi ng erﬁlli)?fllpénéﬁeg?ql &m thrcal né %@sz pdeerfltiloéiéqel) Cgfhﬁzxualothtl?mOXCf

Penameci | LhtamiBhef) @efepinby b@ﬂﬂbpﬂahl Ce(p\&bni%r Qlélf@nhdrhé!, CerobaprBieN € eftaroline,
enicillin, Pheneticillin illin (D cloxacillin,

phenoxynet hyl
Fl ucl oxacpl)qy/’f 391 BMEDHI%, M&é@ﬂéﬂm Mfilm cBAIIﬁHOWFaSE%n%Hﬁ B efpefism

Dor i pene a T Ipenem
Cef azol i gb @E acet ‘f@%fow@&g IMFH O?%P mel%?nr@a@g?a: ogl Sﬁﬁ%@a%\ﬁ?um
Cef al ori dBm41Cafla%t33ﬁ4423ef ap| rin, Cefatrizine, Cefazedone, Cefazaflur,

Cefradi ne, Cefroxadjpe, Ceftezole, .Cefacl or Cef amandol e,

Cef oni ci d, Cef Bfani E RS a Cé% 7i Whergigs figp brlasiame s @Eg‘ﬁﬁegxfrﬁ@

Cef uzona”be@gl@i)ﬁ{et Bpef&h OT &hesb neﬁ:iem%@t@{ %ﬁahgﬁéﬁ%ﬁénen%érébéfﬁm or
Ceftazidine, Ceftri axone Cef capene, f dal oxi Cetdinir, Cefditoren,

Cef et anet Pal@énmnom me, Cefodi zi ne, Cefoperazone, Cefotaxine, Cefpim zoI e,
Cef pi ram de, Cefpodoxine, Cefsulodin, Cefteram Ceftibuten, Ceftiol ene,
Ceftizoxi me, Flonoxef, Latanoxef, Cefepine, Cefozopran, Cefpirone,

Cef qui nonme, Ceftobiprole, Ceftaroline, CXA-101, RW-54428, MC-04, 546,
ME1036, BAL30072, SYN 2416, Cefti ofur é_‘lef qui none, Cefovecin, Aztreonam
Ti genonam Carunonam RW-442831, RWJS% 44 or RW-333442. 42. The
met hod of claim40, wherein the 13-l actami s selected from Ceftazi di me,

Bi apenem Dori penem Ertapenem I m penem I\/Er openem or Pani penem
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59. A sterile container, conprising: a conpound of any one of clainms 1-27
in solid form and an antibacterial agent in solid form 60. The contai ner
of cl ai m#0,201Me1455n the anti bacterial agent is a 13- a®Cams2@1/046P8e

contai ner of claim®60, wherein the 13-1 actam is selected fromAnpxicillin,

Anpi ci I i n(Piv lin, Hetacplli.n, ICI cjllin
Tal anpi ci 111 n) O5Epi GhF | {opicssr B, 16 ¥ 6 fndhtc BHFFE 1T C kPRI FPR
Tenoci | 11 Bz 88106 'T'l%érﬁbnaﬁi BATV0 D, gWN &azds Qf iclahironalyeci | 11 nam
(Pivmecillinam), Sulbenicillin, Benzylpenicillin (G, Cdonetocillin,
Benzat hi ne benéﬂ:l peifhe contpiner ﬁrwa@n@eofb?émzy@eﬁﬁ, aibleldiim the/ccineowing landh the

Penaneci | || noxynmet hyl icillin (V), Propicillin, Benzathine
phenoxyne??{ir/qaﬁtgﬁ?calgiei{ p’%ﬂg cgtl cillin, doxacillin (D cloxacillin,

Fl ucl oxaci | | i ngs, Oxaé bbiithineMet 4 A6 drlel d‘f,clzl‘rﬁﬂcscﬁl9lé3 Ruhefeddi @REARIAOUB aRe BRM

Dori penem Ertapenem |n pene Maropenem Pani penem Tonobpenem Razupenem
Cef azol i nantibagigeiak agenteare apf bign Cef al exi n, Cefal ogl ycin, Cefal onium

Cef al ori di ne, fal : [ flur,

Cot radi ne, et Pocadi re CREFFE S ah?o GRS, SENAERIA0 Bpe Bl ¥ |

Cef oni ci deryGaflmedainde, Cef otiam Cef prozi I ' Cef buper azone, Cef uroxi ne,
Cefuzonam Cefoxitin, Cefotetan, Cefnet azol Lor acarbef, Cefi xi ne,

Cef t azi di me, CBf- t i dReARAIBEE elapine AU G 6P whegsiniths ntibegierialiagent

Cef et anmet q ;ef Oy {3k, Cef odi zi me, Cefoperazone, Cefotaxine, Cefpim zol e,
Cef pi ram de, pOdOXI me, Cefsulodin, Cefteram Ceftibuten, Ceftiol ene,
Cefti zoxi nme, Fbd&noxdhe cmaalanmdéziny @fcémlaim,s Q&0 mdeream theQaingiouodand the

Cef qui norre Ce;%)otil %o , ftaroline, CXA-101, RW-54428, MC- 04, 546,
MEL036, BAEBHRPIA (B gOPIEIS i of ur, Cef qui nome, Cefovecin, Aztreonam

Ti germnam Car goonafhe RiMmitt2 &8 lany Wgﬁéﬂﬁns 8h- AWMy A3d48e molar ratiobds The
cont ai ner of claim 60, wherein the 13-lactamis selected from Ceftazi di ne,
Bi apenem C%Mﬁemtlmmpbmm 1SI§¥0tUa;1J§rter$}1 | mi penem I\/Er openem or

Pani penem WO 12/ 1455PCT/ US2011/ 04695 ont gi ner. of . claim
50, wher i n ¢ nd013. NAECRATEr SEIDE QN P ST o7 Slnaerot JEralin Rl o072,
SYN 2416, c&hp @ﬂlﬂuﬂﬁﬂt&ﬁﬁctenal agenb@.frohh@:2aentai ner of any one of clains 59-63,
wherein the co ound and the antibacterial agent are bl ended. 65. The

contai ner of afy onéhefcoptaticwi sYyeTe ghelainn Pies. edwpdurtbe aplat o of
ant i bact eg%@.b @hgggtdn@ga%ﬁ@lgf d%%{aﬂqep 66. The contai ner of any one of
e c

clains 59 oundis in crystalline form 67. The
cont ai ner of amy. on&hefcoataniensof58ny6one Wfetlains t5Re7 larfuithactenpadinggepH is in
crystalline form 68. The contai ner of any one of clains 59-65,
wherein th u%“Efr’rpound and the antimcrobial agent are |yophiles. 69.
The container of anynons@he i BOwhErei e LR fujhiG BRIpAL 40N, O

conpound to antibacterial agent is from1 e cont ai ner
of any one of @#ai n#h&eerB@nendfetamm/ Iwéelrmi dnr: pHaadjwstafconpnipoumuictagid.

anti bacteri al ent ,is frgm1:2 to 2:1. . 71. The. co ner .of .any one
of clainms 59-6 © whér %‘Fﬂlogﬁ’é H%Haé’flgraag’]?aénﬁ?eué%p‘i%ﬁ’ﬂ?s{“&n;f[ﬁf AARENERNEP- agent
is 1:1.  com nszag rams@@aﬁgltﬂgrcoﬁien@nuf ene setilc lcahtimeP Dt ‘dainf BOt hahg
conprising a pH adj uster. . The container of claim72, wher ei n t he
pH adj ust ghargeapiticalésaddameble dﬂuent 74 The container of claim 72, wherein
the pH adj ust er76comif*flI Se?ho(c:llotfr a1 %relntthe dﬁuent coml neltlshe%% sgflneoso? arl ng a
phar maceuti cal conp03| I°ON foor adm h| stration, conprtsing recons ut i ng
the contents ofi7t heTsé¢ entthed Cdfnt:ﬁlrﬂe’VS,OthSﬂeﬁi lﬁheBthUéﬁtngorﬁp@%@rﬂ&I’thtbﬁdlm Iy
acceptabl e dil uent. 76. The nethod of claim 75, wherein the dil uent
conpri sesSyuidefl-i ne sol uti on. 77. The nmethod of claim 75, wherein the
di | uent conpri §&S aAdﬁfé hroasﬁ §(ﬂ£}ﬂ}s'tr9&on co rls %tt&lﬂlg t‘ﬂE rleconstitute

adm ni stration, conprising adm nistering constl tuted solution o
claim 75 scﬂttn«avﬁmlmsi% inaaeenpatly enh patlent
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